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ABSTRACT
The purpose of this phenomenological study was to examine the perceptions about mathematics
of pre-service elementary school teachers at a small private university in the Midwestern United
States. The theoretical framework used for this research study came from Bandura’s Social
Cognitive Theory, including the component of teacher efficacy. Because mathematics is a
fundamental subject for students to develop skills necessary for various 21st century careers, this
qualitative phenomenological study sought to examine how pre-service teachers perceived their
ability and confidence to teach mathematics. I limited the choice of participants to elementary
pre-service teachers who had not yet completed any mathematics methods courses, because there
was a gap in the literature for this population. I used individual interviews, focus group meetings,
and a visualization activity as my methods of data collection. The data collected from this study
illuminated 3 common themes: factors that positively influenced mathematical perceptions,
factors that negatively influenced mathematical perceptions, and attitudes generated toward
mathematics as the result of experiences. Factors such as hands-on/visual activities, teacher
support, and thorough explanations of mathematical concepts created positive perceptions,
whereas ineffective teacher instruction, progression of advanced mathematical concepts leading
to frustration, and feelings of intimidation about asking questions and attending help sessions
created negative mathematical perceptions. Positive or negative perceptions shaped each
participant’s attitudes toward mathematics, and future research must examine how pre-service
teachers may be best prepared to learn and utilize effective teaching practices and develop
confidence to teach mathematics as future educators.
Keywords: perceptions about mathematics, mathematics anxiety, pre-service teachers, teacher
preparation programs, phenomenological
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CHAPTER ONE: INTRODUCTION
Overview
Chapter One provides the framework for my research study involving the examination of
the mathematical perceptions of pre-service elementary school teachers. I begin the chapter by
describing the need for my study and identifying the longitudinal gap of how students around the
world continue to outperform American students in the content area of mathematics. In this
chapter, I provide information about the purpose of my study and include why I sought to
examine pre-service elementary school teachers’ perceptions of mathematics. I also present the
research questions I used as a guide for examining the experiences that influenced the
development of the mathematical perceptions of pre-service elementary school teachers, and I
thoroughly describe the research plan and delimitations and limitations of my study.
Students from industrialized countries around the world continue to outperform American
students despite the United States’ continual funding of mathematics and science programs
(National Center for Educational Statistics, 2012, 2013, 2015; Ramsey & Baethe, 2013;
VanDerHeyden, Codding, & Gilman, 2015). This longitudinal achievement gap between
American students and other students around the world in the area of mathematics and science
achievement necessitates a deeper examination of the problem. To better understand why
students from other countries continue to outperform American students in the field of
mathematics, in this study I examined the perceptions of mathematics held by college students
training to become elementary teachers. Research has demonstrated that the mathematical
perception of pre-service or in-service teachers is reflected in their teaching styles and the
strategies implemented in classrooms of their own (Bates, Latham, & Kim, 2011). Because
current perceptions of mathematics may be evident in a teacher’s classroom, I sought to gain

15


knowledge as to why various perceptions initially developed. Throughout the course of this
study, I examined pre-service teacher participants and how and when their perceptions about
mathematics developed. Common mathematical experiences that have resulted in specific
perceptions about mathematics emerged throughout the study as I thoroughly examined each of
the participants’ personal experiences.
I have reviewed a number of quantitative studies that examined the mathematical anxiety
and perceptions of teachers (Bates et al., 2011; Brown, 2012; Durmus, 2011; Ertekin, Dilmac, &
Yazici, 2009; Haciomeroglu, 2013; Memnun, 2014), but a gap in the literature exists concerning
the perceptions of pre-service teachers from a qualitative perspective, particularly through a
phenomenological lens. Despite the implementation of mathematics and science programs
created to increase student achievement and motivation, students’ scores on the Trends in
International Mathematics and Science Study (TIMSS) assessments continue to remain stagnant
(Gomez & Albrecht, 2013; Ornstein, 2010). This study examined participants who had yet to
enter the classroom and had few personal experiences working with elementary students. The
term “pre-service teacher” served as a description of participants throughout the study because
the participants aspired to become teachers but were still pursuing their degrees in education.
The study examined students still in college who had not yet completed any mathematics
methods courses. I chose to limit the study to those participants so that the data results would be
less likely to be influenced by the possibility of participants changing their perceptions as the
result of completing various mathematics courses. As I retrieved data from the pre-service
elementary school teachers in this phenomenological study, I attempted to address the gap in the
literature in regard to how and why the perceptions of mathematics developed. Throughout this

16


study I also sought to better understand how perceptions, before pre-service teachers enter the
classroom, might potentially influence their own students’ mathematical achievement.
Background
Over the last 40 years, similarly aged students from other countries have consistently
outperformed American students in mathematics (National Center for Educational Statistics,
2012, 2013, 2015; Ornstein, 2010). American students regularly score below students from other
industrialized nations around the world on mathematics tests, even though the United States
spends more money on education than any other country except Switzerland (National Center for
Educational Statistics, 2012, 2013, 2015; Ornstein, 2010). When considering scores on the most
recent TIMSS assessment given in 2015, American students declined in their mathematics
performance when compared to students in other countries, a trend that has been evident since
2003 (National Center for Educational Statistics, 2012, 2015; VanDerHeyden et al., 2015).
Fourth-grade and eighth-grade American students continue to demonstrate lower scores
compared to students representing seven other countries around the world (National Center for
Educational Statistics, 2012, 2015).
Ornstein (2010) and Pinder (2013) described the American educational system as existing
in a state of mediocrity in response to the ongoing problem of lower achievement scores. As a
result of that problem, testing and graduation requirements are continually lowered, remedial
courses replace rigorous academic courses, and lower expectations for teachers are evident as
they learn to “teach to the test” and often ignore some core content not tested (Ornstein, 2010;
Pinder, 2013). Furthermore, the number of American students pursuing college careers in the
areas of mathematics and science has decreased over the years, and colleges are facing an
increase in numbers of students who must enroll in developmental education courses in reading
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and math as they begin their college education (Bonham & Boylan, 2012; Gallard, Albritton, &
Morgan, 2010; Ornstein, 2010).
Reaction and response to the need for increased achievement and performance of
American students have been ongoing for several decades. Since the early 1960s, numerous
programs have attempted to achieve positive school reform, initiatives have encouraged
educators to become math and science teachers, and billions of dollars have been spent annually
on low-achieving and low-income students (Ornstein, 2010; Pinder, 2013). The Common Core
State Standards [CCSS] (Common Core State Standards Initiative, 2010) and Science,
Technology, Engineering, and Mathematics [STEM] (National Science and Technology Council,
2013) programs have been the recent pushes to encourage mathematics achievement in American
students (Jackson, Charleston, & Gilbert, 2014; Loveless, 2012; Pinder, 2013; Sahin, Ayar, &
Adiguzel, 2014). As a whole, however, initiative programs have not been able to improve student
achievement (Ornstein, 2010; Pinder, 2013).
Despite numerous initiatives and programs created to help raise student achievement, a
gap still exists between the academic standards that students are required to meet, the
assessments that are utilized to gauge student performance, and the level of content knowledge
teachers must possess to teach rigorous academic standards (Georges, Borman, & Lee, 2010).
Beyond current teachers and academic practices, pre-service teachers are also worthy of research
studies to determine why academic performance is a continual problem. Pre-service elementary
education teachers often receive their certification with the expectation that they are capable of
teaching all elementary content areas including English language arts, social studies, science, and
mathematics. The content knowledge in each subject area that a teacher brings into the classroom
is important because it serves as one indicator of good teaching (Evans, 2011). Even though
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some elementary teachers may not feel as comfortable with specific subject areas, teachers,
unless they departmentalize and only teach specific content areas, are still required to teach all
subjects at the elementary level. Margaret Spellings, who served as the U.S. Secretary of
Education from 2005 to 2009, believed that American students are falling behind as a direct
result of teachers at the elementary and middle-school level being ill prepared and intimidated by
subject-area content (Spellings, 2010). A reciprocal relationship exists between a teacher who
demonstrates a high level of confidence for various subject areas and how that teacher will
reflect that same degree of confidence in his or her teaching (Bekdemir, 2010). Teachers who
feel confident in their mathematical ability are more likely to feel confident in teaching
mathematics in classrooms of their own (Bates et al., 2011).
The problem with low mathematics achievement seems deeper than the quality of
mathematics standards, assessments, and programs in place. With billions of dollars invested in
educational programs and interventions, the initial problem of American students’ stagnant
mathematics achievement may relate to mathematics teachers’ personal perceptions of
mathematics. It is possible that the quailty of mathematics instruction in the classroom may
reflect these perceptions. This study sought to look beyond the current instructional and teaching
strategies of teachers already in the teaching field and examined the perceptions that pre-service
elementary teachers bring into their methods courses. The study focused on pre-service teachers
because they do not yet have classrooms of their own and have the opportunity to change their
perceptions about mathematics through their participation in required mathematics methods
courses. As a result, this study sought to examine how and when pre-service elementary
teachers’ mathematics perceptions developed, and investigated specific experiences that led to
those teachers’ current perceptions about mathematics. Having a better understanding of the
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perceptions about mathematics before pre-service teachers begin their mathematics methods
courses may potentially help leaders of teacher education programs implement various
interventions to help those students overcome any negative mathematical perceptions, develop
confidence in teaching mathematics, and ultimately affect student achievement positively in
classrooms of their own.
Situation to Self
My name is Christine McElhaney, and I am a sixth-grade teacher with a specialist
certification in mathematics. It was through earning a mathematics specialist certification that I
gained exposure to various mathematical practices and strategies that made it evident to me that I
was not always implementing the most effective mathematical strategies, particularly
constructivist-based opportunities, in my classroom (Jones, 2010). At the beginning of my
teaching career, my school was coming from a 3-year initiative where we used a mathematics
textbook series and administrators required educators to teach a new lesson from the text every
day regardless of whether students understood the content from the day before. The purpose of
the text-based program was to expose students to a number of concepts, with the philosophy that
wider was better, and students would eventually learn the content later on. As a new teacher, I
had to adhere to the requirements set by my school, even though students were often frustrated
and I did not believe such requirements reflected effective instruction.
From my mathematics specialist courses, I grew in my knowledge of how to better direct
my instruction. I realized that my mathematical perceptions developed from personal
mathematical experiences I had growing up and that I was implementing my experiences in my
teaching. Some of my prior mathematical experiences were very traditional, where the teacher
provided the rule or procedure, and, following instruction, the teacher gave a worksheet of
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problems to apply that same rule or procedure. My mathematical experiences had limited me to
the idea that there was only one method to complete a particular concept or objective. Through
the completion of my mathematics specialist courses, however, I realized that I, as a teacher,
needed to strive to provide my students with a deeper understanding of specific concepts instead
of just providing my students with one rule or procedure for completing a particular concept.
Also, instead of providing my students with a wide, unfocused exposure to an extensive variety
of unrelated concepts, with memorization of particular rules or formulas, I found that giving
students the opportunity to develop a deeper, thorough understanding of various mathematical
concepts and objectives was more beneficial and meaningful. Throughout my mathematics
specialist coursework, as I created and implemented constructivist-based lessons, I began to
discover further inadequacies in my previous style of teaching. I found that as I went deeper and
used conceptual approaches with anchor charts, manipulatives, games, mathematics discussion
groups, group work, and peer teaching, the mathematical confidence and motivation of my
students seemed to increase. As I have continued to apply my new approach to teaching
mathematics in my classroom over the last few years, I have found it encouraging that I no
longer hear comments from my students of how they hate math and are not good at math;
instead, they now regularly express their enjoyment of math.
As a result of seeing a transformation in my own teaching, I have gained a passion for
investigating how teachers coming into the field of education may be best prepared to teach
highly effective mathematics lessons to their students and avoid going through years of
ineffective teaching, as I had done. I was not truly confident, nor did I demonstrate positive
perceptions of my own about mathematics until I completed the certification program. My own
realization that I was not adequately prepared to effectively teach mathematics helped me
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develop a heart for investigating how teachers coming into the field of education may be best
prepared to teach highly effective mathematics lessons to their students. In this study, I have
sought to examine, through a phenomenological lens, which mathematical experiences initiated
current perceptions about mathematics. I sought to understand how the personal experiences of
each of the participants relate and differ in their individual perceptions about mathematics.
I was particularly motivated to do this study so that teacher preparation programs may
potentially gain better understanding of what experiences may have influenced their potential
students, and structure preparation courses accordingly. Thus, in understanding students’
experiences and considering the things that influence mathematical perceptions, leaders in
teacher preparation programs may best meet the learning needs of pre-service teachers. Knowing
and understanding students’ prior experiences and perceptions may help those in charge of
college and university teacher preparation programs to structure courses with effective
mathematics strategies and opportunities to better meet the learning needs of their pre-service
teacher candidates. Having teacher preparation programs designed and structured to help their
instructors better understand the needs and concerns of pre-service teachers may, in turn, help to
prepare students to overcome any negative perceptions about mathematics and develop higher
levels of mathematical confidence. Perhaps through participation in methods courses structured
with the intent to understand and address the current perceptions of pre-service teachers, future
elementary teachers may become better prepared and confident in their perceptions about
mathematics. As pre-service teachers become more cognizant of their own perceptions, they may
more easily recognize how they can potentially influence the perceptions about mathematics in
those whom they teach. Understanding reasons why students develop various perceptions about
mathematics and how a teacher may reflect his or her beliefs in the classroom may ultimately
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affect the overall mathematical achievement of students in a teacher’s elementary mathematics
classroom.
As the result of seeing the benefits of providing a constructivist approach for students in
my classroom, I brought that paradigm to my study (Ertekin et al., 2009; Jones, 2010; Kerkhove
& Van Bendegem, 2012; Saliga, Daviso, Stuart, & Pachnowski, 2015; Shirvani, 2007; Ulrich et
al., 2014). I encouraged opportunities for my participants to communicate their current
perceptions of mathematics. I gave participants a chance to orally communicate their perceptions
through an interview with me, and a hands-on opportunity to visually represent their perceptions
about mathematics. Also, participants communicated through an organized focus group to
convey their perceptions. Besides implementing a constructivist paradigm, I integrated an
axiological philosophical assumption toward the participants of my study. The philosophical
assumption of axiology was apparent in my study because I believe that my participants are
going into the field of education for a particular purpose. Every individual is created for a
specific purpose, according to Ephesians 2:10: “For we are his workmanship, created in Christ
Jesus for good works, which God prepared beforehand, that we should walk in them” (NLT). An
individual adhering to the call to become an educator is a practice that I value, celebrate, and
relate to my own teaching career. Therefore, I, as the researcher, treated all participants
respectfully and honored their commitments to become educators.
Problem Statement
The initial problem is that American students are not achieving proficient scores on
standardized mathematics assessments when compared to students in other countries. Recently,
only 40% of American students in Grade 4 and 33% of students in Grade 8 scored proficient or
advanced on the mathematics portion of the 2015 National Assessment of Educational Progress
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(NAEP) test (Brody, 2015; National Center for Educational Statistics, 2015). The scores on the
2015 NAEP assessment decreased from the 42% of American students in Grade 4 and 36% of
students in Grade 8 who scored proficient or advanced on the assessment in 2013 (National
Center for Educational Statistics, 2013). Because mathematics concepts are considered culturally
neutral, as such objectives are universal and do not vary across cultures, it is clear American
students are falling behind (Rich, 2013). Outside of the classroom, attaining mastery and
confidence in mathematics at any level is now essential in almost any career field (Torpey,
2012). America is losing its competitive edge in the workforce, especially in STEM-related
fields (Erquiaga & Peterson, 2014). Therefore, as other countries continue to outperform
American students in the field of mathematics, and educational leaders focus on accountability, it
is an important time to investigate what influences student performance and achievement
(Firmender, Gavin, & McCoach, 2014).
Little research exists involving elementary pre-service teachers’ perceptions about
mathematics before beginning their methods courses, and how those perceptions can potentially
affect student achievement. This phenomenological study examined pre-service elementary
teachers enrolled at a small university in the Midwest United States, who had not yet completed
any mathematics methods courses. Accordingly, I collected and analyzed data from 10 preservice elementary school teachers to address a gap in the literature for that population.
Purpose Statement
The purpose of this phenomenological study was to understand the perceptions about
mathematics of pre-service elementary teachers at a small private university in the Midwest
United States. Throughout the study, I defined the perceptions about mathematics as “a person’s
perceptions of self as a mathematical learner, including beliefs about his or her ability to learn
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and to perform well in mathematics” (Adelson & McCoach, 2011, p. 226). Specifically, the goal
of this study was to examine factors and experiences that influenced the pre-service elementary
teachers’ perceptions, beliefs, and attitudes about mathematics. For the reason that mathematics
methods courses may potentially influence a pre-service teacher’s perception of mathematics
(Ellis, Contreras, & Martinez-Cruz, 2009), I gathered data from pre-service teachers who had not
yet completed any mathematics methods courses. Because qualitative studies, particularly those
conducted through a phenomenological lens, examine a particular phenomenon, I examined each
individual’s perceptions about mathematics to establish any commonalities among participants
(Moustakas, 1994).
Significance of the Study
The significance of this study was to further the research on pre-service elementary
teachers’ perceptions of mathematics. Researchers of numerous studies have sought to
investigate the perceptions about mathematics of in-service and pre-service elementary teachers
and how those perceptions are reflected in their teaching of mathematics (Bates et al., 2011;
Brown, 2012; Harbin, 2013; Memnum, 2014). Few researchers have sought to closely examine
the perceptions of pre-service elementary teachers in their mathematics methods courses and
how those perceptions changed throughout the course or term (Burton, 2012; Durmus, 2011;
Eraslan, 2012; Holm & Kajander, 2012). A significant gap exists in the research on the
perceptions of pre-service elementary teachers before participating in mathematics methods
courses particularly examining how and why perceptions developed through a phenomenological
lens. This study sought to reveal common themes of how various perceptions developed so that
leaders of elementary teacher preparation programs may potentially better understand and
address common perceptions pre-service elementary teachers are bringing into their methods

25


class. Understanding common perceptions that pre-service teachers developed may allow teacher
preparatory programs to utilize better directed instruction to address the needs of the students and
help pre-service elementary teachers to potentially overcome negative perceptions of
mathematics before teaching in their own classrooms.
Research Questions
The following questions guided the research of this study:
1. How do pre-service elementary school teachers who have yet to take mathematics
methods classes describe their current perceptions and attitudes about mathematics?
As students experience either positive or negative mathematical practices, they develop their
thoughts or attitudes about how they perceive mathematics (Hassan, Ching, & Ibrahim, 2012).
Once a teacher’s perception about mathematics is influenced, the teacher’s current mathematical
perception beomes evident in his or her confidence in teaching mathematics (Bates et al., 2011;
Bekdemir, 2010). Before elementary teacher candidates enter the classroom, college and
university education professors have an opportunity to structure mathematics methods programs
in a way that may help pre-service elementary teachers recognize their current perceptions and
how those perceptions may influence their potential students.
2. What previous mathematics experiences may have affected the formulation of preservice elementary school teachers’ perceptions of mathematics?
The second guiding research question pertains to the mathematical experiences that
influenced each of the pre-service elementary school teachers’ current perceptions about
mathematics (Bates et al., 2011; Harbin & Newton, 2013). In better understanding each of the
pre-service elementary teacher participants’ responses describing their perceptions about
mathematics, it is important to understand what specific experiences caused those perceptions to
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develop (Bekdemir, 2010; Haciomeroglu, 2013; Phelps, 2010). Professors in college and
university education programs work to prepare and equip pre-service elementary teachers to
develop confidence to teach every subject area, including mathematics. Research examining the
previous mathematical experiences that resulted in the current perceptions about mathematics
held by pre-service elementary teachers before they have participated in specific subject area
methods courses is scarce in the current literature.
3. In what manner and to what extent do pre-service elementary school teachers
speculate that experiences in mathematics may influence their eventual teaching
effectiveness?
The goal of this phenomenological study is to consider how university and college
elementary teacher preparation programs may best address the mathematical needs and concerns
of their pre-service elementary teachers. Because current research has not thoroughly examined
pre-service elementary teachers’ perceptions about mathematics prior to participating in teacher
education mathematics methods courses, this study sought to illuminate the development of
specific perceptions. As educators in charge of college and university mathematics methods
courses become aware of the specific perceptions their teacher candidates are bringing into their
methods courses, such courses may gain the potential to help pre-service elementary school
teachers recognize that the connection between their perceptions about mathematics and their
level of mathematical confidence will be reflected in their own classrooms (Brown, 2012;
Burton, 2012). Therefore, a need exists for leaders of college and university teacher education
programs to explore ways to best prepare pre-service mathematics teachers for teaching
mathematics confidently (Burton, Daane, & Giesen, 2008).

27


Research Plan
I implemented a qualitative, hermeneutical, phenomenological research approach for this
study (Patton, 2005; van Manen, 1990, 2014). My study is phenomenological in nature because
the data I collected described the essence of each of the participants’ feelings and perceptions of
their mathematical experiences (Moustakas, 1994; Patton, 2005; van Manen, 1990, 2014). The
purpose of the study was to determine the lived experiences that influenced the participants’
perceptions of mathematics, and thus contributed to the development of their current perceptions
regarding mathematics (Patton, 2005; van Manen, 1990). Through the implementation of
individual interviews, focus group meetings, and a visual representation activity, hermeneutic
phenomenology allowed the participants to gather meaning as they reflected on their personal
mathematical experiences and current perceptions about mathematics (Patton, 2005; van Manen,
2014).
The study incorporated a series of interviews, focus group sessions, and a visual
representation activity during a 2-week period. Participants involved in the study were preservice elementary teachers enrolled at a small private university in the Midwest United States.
The pre-service elementary teachers were students who not yet completed any mathematics
methods courses so that no methodologies or strategies presented during such courses would
influence the perceptions of the participants. I individually interviewed each participant one time
during the study, so I could gain an understanding of her current perceptions about mathematics
and understand how and why those perceptions developed over time. I analyzed the responses
from each individual interview session by determining similarities and differences and
establishing common themes. I collected and compared additional data in each of the focus
group sessions as well. Also, every participant completed a visual representation activity that
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demonstrated her current and future perceptions of mathematics. My study may help other
leaders of college and university teacher education programs around the nation become more
aware of the development of different perceptions and better equip pre-service teachers to
recognize how their current mathematical perceptions will be reflected in their teaching. As
instructors in teacher preparation programs become aware of the potential mathematical
perceptions of their pre-service teacher candidates, such preparatory programs may potentially be
restructured to help pre-service teachers overcome various negative perceptions and ultimately to
help improve the quality of mathematics instruction new teachers will be bringing into
classrooms of their own. Raising the quality and confidence of new teachers in regard to
mathematics is one step that may have the potential to affect the mathematics achievement of
many American students as well.
The theoretical framework guiding this study was Bandura’s Social Cognitive Theory,
which included the component of teacher efficacy (Bandura, 1986). Teacher efficacy is defined
as a teacher’s judgment and is “a belief in his or her own capabilities to bring about desired
outcomes of student engagement and learning” (Tschannen-Moran & Woolfolk-Hoy, 2001, p.
783). Teacher efficacy includes a teacher’s belief in the effectiveness of his or her teaching, and
that effective teaching results in positive learning outcomes (Briley, 2012; Buss, 2012; Enochs,
Smith, & Huinker, 2000; Swars, Hart, Smith, Smith, & Tolar, 2007). In mathematics education,
an association exists between a teacher’s mathematics teaching efficacy and the teacher’s own
mathematical learning experiences (Brown, 2012). Briley (2012) and Brown (2012) also
demonstrated that mathematics self-efficacy is directly related to a teacher’s mathematics
teaching efficacy, and that pre-service elementary teachers should possess a belief in their ability
to teach mathematics effectively. Bandura’s Social Cognitive Theory aligned with this study
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because all of the participants had mathematical experience in a social context in a classroom
setting with a teacher and peers and developed their individual perceptions about mathematics
based on those experiences.
Delimitations and Limitations
There were two delimitations or factors that provided boundaries and limited the scope of
my study (Simon, 2011). I conducted a phenomenological study so that I could examine the
perceptions of pre-service elementary teachers before their participation in elementary
mathematics methods courses. Because the participants were part of the same phenomenon, I
limited participants to students enrolled at the same private university in the Midwest United
States. Additionally, participants were students already enrolled in college, so they were at least
18 years old.
Limitations or factors that occurred out of my control and were potential weaknesses of
the study were present as well (Simon, 2011). One limitation was that all of the participants for
my study were Caucasian female students who completed their K-12 education in either a public
school district, private school, or homeschool setting and completed necessary requirements to
fulfill state graduation requirements. The study represented only the experiences of female
students because there were not any male participants who volunteered for the study, so there
was unequal gender representation. Another limitation was that all but one of the participants
lived in the same Midwestern state and the participants for this study comprised only university
students attending one specific university in the Midwest United States. The experiences of other
participants representing other public and private colleges and universities might have differed
from the experiences of the participants in this study.
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Definitions
1. Mathematics Content Courses--includes courses where mathematics concepts and
procedures are addressed (Burton et al., 2008).
2. Mathematics Methods Courses--includes courses focused on learning theories and
activities applied to facilitate learning (Burton et al., 2008).
3. Mathematical Perceptions--an individual’s perception as a mathematical learner that
encompasses the personal beliefs about his or her ability to learn and to perform well
in mathematics (Adelson & McCoach, 2011).
4. Mathematics Teaching Anxiety--pre-service and in-service teachers’ feelings of stress,
apprehension, and uneasiness when teaching mathematical content such as
mathematical theories, formulas, or problem-solving objectives (Peker, 2009).
5. Self-Efficacy--a person’s judgment of his/her ability to organize and implement
appropriate courses of action needed to attain designated types of performances with
the skills the individual possesses (Bandura, 1986).
6. Teacher-Efficacy--a teacher’s judgment of his or her own ability to produce desired
outcomes of student learning and engagement (Bandura, 1986; Tschannen-Moran &
Woolfolk-Hoy, 2001).
Summary
In this chapter, I identified the longitudinal gap in which students around the world
continue to outperform American students in the content area of mathematics. I provided
information regarding the study for investigating why students continue to fall behind in
mathematics. The purpose of the study was to examine factors that influenced the development
of pre-service teachers’ perceptions about mathematics. I also presented research questions that
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served as a guide for examining experiences that influenced the development of the
mathematical perceptions of pre-service teachers.
I found that researchers of a number of quantitative studies examined the perceptions and
level of mathematics anxiety of teachers, but a significant gap emerged in the literature regarding
an examination of the perceptions of pre-service teachers from a qualitative perspective,
particularly a phenomenological lens. I described the purpose of the study, given that the
mathematics scores from the TIMSS assessment remained stagnant over the years despite efforts
to promote interest and increase student motivation through different mathematics and science
programs. I provided a thorough explanation regarding how I formed this study around the
examination of participants who have yet to enter the classroom and gain personal experiences
working with elementary students. Furthermore, I described how the data retrieved from the
study may potentially help address the gap in the literature in regard to experiences that
influenced the perceptions about mathematics of pre-service teachers, and I explained how
understanding those perceptions better prior to the pre-service teachers entering the classroom
could potentially affect a student’s mathematical achievement. This section concluded with a
discussion of the phenomenological research plan and both delimitations and limitations that
were present during the study. The next chapter of the research study focuses on providing a
comprehensive literature review of perceptions about mathematics, mathematics anxiety, and the
theoretical framework that influences the development of specific perceptions about mathematics
of pre-service teachers.
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CHAPTER TWO: LITERATURE REVIEW
Overview
Chapter Two examines the current literature and research investigating the perceptions
about mathematics among elementary pre-service teachers. The principal focus of this chapter is
to provide a comprehensive literature review on individual perceptions about mathematics and
the theoretical framework that in turn influences the development of those perceptions about
mathematics in pre-service elementary school teachers. This chapter also reveals the
development and influence of mathematics anxiety, and it illuminates the gap that exists in the
literature about examining, through a phenomenological lens, the perceptions of pre-service
elementary school teachers before their participation in mathematics methods courses as part of
university and college elementary teacher certification requirements.
Generally, American elementary teachers receive certification to teach all subject areas,
including English language arts, social studies, science, and mathematics for the early grades of
kindergarten through fifth (Bornfreund, 2012). Despite receiving certification in all content
areas, some elementary teachers may not feel confident teaching a particular content area,
especially mathematics or science (Buss, 2010). An individual establishes his or her level of
confidence in content subject areas, such as mathematics and science, early, and it is often
challenging to transform those beliefs once they develop (Bandura, 1997; Buss, 2010). When
pre-service teachers begin teaching, their self-efficacy beliefs are reflected in their level of
confidence in teaching specific content areas (Burton, 2012). Hence, an individual’s level of
confidence or self-efficacy in particular content areas is reflected in how vigorously the person
teaches that subject in the classroom (Burton, 2012). Although an individual’s level of selfefficacy and confidence levels are evident in his or her teaching, confidence levels for various
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content areas often go unaddressed by those in charge of teacher education programs (Sawchuk,
2014). Educators over college preparatory programs do not necessarily determine whether each
teacher candidate is comfortable with specific content areas before granting certification
(Sawchuk, 2014). Many teacher education preparatory programs only require limited amounts of
observation by college supervisors during student teaching internships, so low confidence levels
of pre-service candidates for various content subject areas may go unnoticed (Sawchuk, 2014).
A potential relationship exists between elementary teachers’ perceptions of a particular
content area and their personal confidence and effectiveness in teaching that specific content area
(Caires, Almeida, & Vieira, 2012; Nadelson et al., 2013). Accordingly, the examination of a preservice elementary teacher’s perceptions about mathematics may potentially reveal specific
experiences that influence how those perceptions develop. Therefore, better understanding of
how pre-service elementary teachers perceive subject areas such as mathematics, may potentially
help elementary teacher preparation programs to provide improved direct instruction and to
structure methods courses to prepare future elementary teachers for greater success in the
classroom. Bandura (1997) and Buss (2010) demonstrated that the self-efficacy of pre-service
teachers is malleable during their time in teacher preparation courses because students confront
fewer mastery experiences throughout their coursework. Thus, gaining a better understanding of
how pre-service teachers perceive mathematics may help leaders of teacher education programs
best prepare pre-service teachers to become effective mathematics teachers and ultimately affect
achievement scores of American students.
Theoretical Framework
The theoretical framework that guided this research study came from the work of
Bandura and his Social Cognitive Theory (Bandura, 1986, 1993). Bandura’s Social Cognitive
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Theory with the incorporation of the component of self-efficacy and perceived self-efficacy
was the framework that guided my research. Bandura described self-efficacy as being
directly influenced by how individuals feel, think, motivate, and behave (Bandura, 1993).
One’s perceived self-efficacy beliefs influence various aspects such as one’s level of
perseverance and motivation when faced with setbacks and difficulties; the quality of both
strategic and analytic thinking; and the commitment to meet and confront aspirations,
adversity, success, failure, depression, and stress (Bandura, 2001).
An individual’s self-efficacy and perceived self-efficacy beliefs may have a
considerable influence on the development of his or her cognitive competencies (Bandura,
Barbaranelli, Caprara, & Pastorelli, 1996). Bandura’s work, along with the research of
Zimmerman (1995) and Schunk (1989), further elaborated that a child’s or teacher’s own
beliefs in his or her self-efficacy may affect that individual’s overall academic motivation,
interests, and academic achievements. The greater a child’s or teacher’s self-efficacy beliefs,
the more the individual prepares academically for future opportunities (Bandura et al., 1996).
In addition, Bandura (1993) also demonstrated that one’s level of self-efficacy might
significantly affect cognitive competencies and overall academic achievement.
Two classifications of an individual’s perceived self-efficacy are individuals with a
low sense of self-efficacy and individuals with a high sense of self-efficacy. Thus, according
to Bandura (1993), individuals with a low sense of self-efficacy tend to avoid difficult tasks,
demonstrate low aspirations, and indicate weak commitments to follow through with various
goals. In addition, individuals with low self-efficacy are easily depressed or stressed.
Conversely, Bandura’s work revealed that people with a high sense of self-efficacy readily
approach difficult tasks and challenges, maintain a strong commitment, and follow through
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with challenging and difficult tasks. Those with high self-efficacy are likely to overcome
setbacks and demonstrate lower levels of stress and depression. Bandura’s work on perceived
self-efficacy revealed that an individual’s sense of self-efficacy has a significant bearing on
the level and quality of self-efficacy that the person can develop, function, and maintain
(Bandura, 1993).
A component of self-efficacy and perceived self-efficacy falling under the umbrella of
Bandura’s Social Cognitive Theory is teacher efficacy (Bandura, 1986). The definition of teacher
efficacy, based on Bandura’s social cognitive theory (1986) is “a teacher’s judgment of his or her
own capabilities to bring about desired outcomes of student engagement and learning”
(Tschannen-Moran & Woolfolk-Hoy, 2001, p. 783). Teachers’ personal efficacy beliefs in their
own ability to motivate and promote the learning of their students were found to affect the types
of learning environments the teachers will create and the level of academic progress their
students will be able to achieve (Bandura, 1993; Briley, 2012; Buss, 2012; Enochs et al., 2000;
Swars et al., 2007). Conversely, teachers with a low sense of efficacy experienced depression in
their obligation to fulfill academic demands and often neglected to provide an effective learning
environment (Bandura, 1993). Consequently, teachers lacking a secure sense of instructional
efficacy demonstrated an overall weak commitment to teaching and spent less time on academic
matters (Bandura, 1993). Bandura found that teachers who demonstrated low instructional
efficacy tended to devote additional time to non-academic interests, gave up on students who
were unable to attain results quickly, and criticized students when they experienced failure
(1993). Bandura found that teachers who demonstrated a stronger sense of instructional efficacy,
however, developed additional opportunities for their students to experience mastery. Thus,
teachers who did not have a high sense of instructional efficacy were actually more likely to
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negatively influence their students’ sense of efficacy and cognitive development through their
classroom environment (Bandura, 1993). Bandura concluded that a teacher’s own instructional
efficacy may affect and potentially predict a student’s achievement in the area of mathematics
and language during an academic school year (1993).
According to Bandura (1986), although a teacher might demonstrate the belief system
that effective teaching does produce effective learning for students, the teacher may still possess
an uncertainty about having the necessary abilities for implementing effective teaching. In
mathematics education, an association exists between a teacher’s mathematics teaching efficacy
and the teacher’s own previous mathematical learning experiences (Brown, 2012). Briley (2012)
and Brown (2012) also demonstrated that mathematics self-efficacy is directly related to a
teacher’s mathematics teaching efficacy, and elementary pre-service teachers need to possess a
belief in their ability to teach mathematics effectively.
Bandura (1997) suggested that an important method of developing teacher efficacy was
to provide strong models for teacher participants. In addition, Bandura suggested that providing
individuals with vicarious experiences, such as having the opportunity to observe others, was
important in developing a sense of efficacy of their own. Providing individuals with effective
models in content areas such as mathematics and science that the individuals may observe and
participate with is likely to increase efficacy for teaching those disciplines (Bandura, 1997).
Bandura (1997) also suggested that an individual’s influence from factors such as attaining
mastery, interactive experiences, or other successful teaching events might ultimately contribute
to encouraging particular beliefs about teaching efficacy. As a result, opportunities for observing
others and providing strong examples of effective teaching experiences may affect a teacher’s
level of teacher efficacy.
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Related Literature
I have presented the related literature through the description of 11 themes. Each theme
described in the following section depicts specific components important to examining how and
why the mathematical perceptions of pre-service elementary school developed. Themes represent
factors such as student achievement, mathematics programs, pre-service teacher preparation,
mathematical perceptions, mathematics anxiety, and pre-service teacher education programs.
Mathematics Achievement of American Students
Mathematics is a core subject taught in schools all over the world (Siskandar, 2013).
Mathematics is a subject that students need to master in early grades in order for them to advance
to upper-level courses in their secondary and post-secondary educational years (Siskandar,
2013). Siskandar (2013) also noted that the study of mathematics is more purposeful when the
implementation and inclusion of real-life situations are present through various concepts such as
decision making and problem solving. Students in the elementary grades often find mathematics
difficult to comprehend and struggle with constructing and solving various mathematical
representations and problems (Siskandar, 2013). Scores from assessments given to students
across the globe demonstrated that United States students as a whole are falling behind
mathematically when compared to other students their age (Ornstein, 2010). National
Assessment of Educational Progress (NAEP) data validated the need for attention, as the number
of students scoring proficient or advanced has made little if any improvement since 2003
(National Assessment of Educational Progress, 2015; VanDerHeyden et al., 2015). It is often
argued that students continue to score lower in the area of mathematics and science assessments
because schools try to tackle social problems of the students instead of concentrating solely on
academics (Ornstein, 2010). Intrinsic and extrinsic factors such as school environment and
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disabilities influence how children grow and develop academically (Schulte & Stevens, 2015).
European and Asian students continue to outperform American students on international tests in
science and mathematics despite various recommended proposals to increase the length of a
typical school day, have rigorous testing and higher expectations for student achievement, and
increase teacher accountability and certification standards (Ornstein, 2010).
The problem of students continuing to fall behind in mathematics and science is a direct
effect of a national decline in overall productivity and jobs in the American economy (Ornstein,
2010). According to a report released by McKinsey and Company (2009), if America had closed
the achievement gap in the areas of mathematics and science between the years of 1983 and
1998, and had been able to attain the performance level of countries such as Finland and South
Korea, the Gross Domestic Product of the United States may have been approximately two
trillion dollars higher. The United States does not demonstrate adequate performance in the areas
of mathematics and science for the money the country invests in educational programs
(McKinsey & Company, 2009). According to current mathematics and science assessment
scores, the student performance percentage rating earned by US students is approximately 60%
lower than that of other industrialized nations that are outperforming American students
(McKinsey & Company, 2009). As students from other countries outperform American students
in mathematics, the American economy and its global competitiveness have declined as well
(Ornstein, 2010). In the business and military sectors, in particular, leaders often complain of the
billions of dollars that must be spent on remedial education and training because nearly one-half
of all U.S. high school graduates test at a seventh-grade level in mathematics and an eighth-grade
level in science (Ornstein, 2010).
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Recent attention on poor student performance on statewide mathematics assessments led
to serious concern about student achievement in the United States (Harbin & Newton, 2013).
Students in the current education system often fall short of attaining math skills at the
appropriate grade level (Mong & Mong, 2010). Students continuing to fall behind as they
progress throughout consecutive grade levels become at risk in meeting state-derived
benchmarks on high-stakes yearly assessments (Mong & Mong, 2010). Not only are students
falling short in mathematics, but frequently teachers who struggle to understand the purpose and
meaning behind the mathematics they are supposed to teach are falling behind as well (Burton,
2012). An elementary teacher’s lack of experience is often due to the individual not being able to
make mathematical connections and having negative mathematical experiences (Burton, 2012).
In addition, researchers Ponte and Chapman (as cited in Hobbs, 2012) found that just because
individuals have a strong knowledge of mathematics, those same individuals might not
necessarily be effective mathematics educators as well. Teachers who do not possess a strong
knowledge of mathematics at all are likely to be limited in their overall ability to help their
students develop a mathematical understanding that is both relational and conceptual (Ponte &
Chapman, 2008).
Mathematics is one of the most important content areas in today’s rapidly growing and
changing world of technology and information. Educators from societies who are outperforming
American students understand and are aware of the importance of mathematics in future careers
(Ertekin et al., 2009). As more careers and technology focus on mathematics and science, some
countries are preparing teachers to produce effective results through increasing student
achievement in the content areas of mathematics and science (Ertekin et al., 2009). Mathematics
curricula in America often differ from curricula implemented in other countries (Spellings,
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2010). In Asian countries, for example, mathematics curricula are much denser and limited in
structure, with a concentration on a few things, but with a focus on doing those few things well
(Spellings, 2010). Conversely, typical American math curriculum briefly covers many
mathematical objectives but does not go into depth with each objective (Spellings, 2010).
America’s mathematics curricula are often said to resemble a discombobulated structure that
frequently does not make sense and is not sequential in nature (Spellings, 2010). The Common
Core State Standards have been a recent effort to more consistently restructure grade-level
mathematics expectations (Loveless, 2012). Because the CCSS has been implemented for less
than five years, additional time is needed to determine the effectiveness of the standards.
However, students from other countries continue to demonstrate a higher proficiency in core
mathematical concepts when compared to American students (National Center of Educational
Statistics, 2012).
Mathematics Programs and Initiatives
In response to low student achievement in mathematics and science, the federal
government has invested billions of dollars for various programs and initiatives such as STEM
programs to motivate mathematical interest and quality instructional strategies for students over
the years (Jackson et al., 2014). STEM is an acronym that stands for science, technology,
engineering, and mathematics education and focuses on science and mathematics disciplines
(Sahin et al., 2014). “STEM pedagogy is rooted in interdisciplinary applied application of
knowledge designed around a cooperative effort to provide students with a comprehensive,
meaningful real-world learning experience” (Gomez & Albrecht, 2013, p. 8). The purpose of
STEM programs is to provide students, educators, and the business community with
opportunities to effectively develop learning strategies that will help students prepare for future
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careers (Gomez & Albrecht, 2013). Careers that require STEM-related skills comprise a major
component of the type of workforce that will continue in the future (Strayhorn, 2015). Recent
studies demonstrated that science and mathematics components of STEM programs have gained
prominence in encouraging discovery and innovation by inspiring students to develop an interest
in STEM-related careers (Lantz, 2009; Sahin et al., 2014). In a recent study, Ramsey and Baethe
(2013) observed over 1,000 students and found that students with fundamental writing, math, and
critical-thinking skills and a commitment to persevere in difficult content courses are more apt to
experience success in STEM-related courses.
Despite federal and state efforts to invest tens of billions of dollars on low-income and
low-achieving students and support thousands of compensatory programs such as the STEM
initiatives, “our education system is in a state of depression” (Ornstein, 2010, p. 424). All
students are not given opportunities to participate in STEM programs, and as individual learning
styles are not always addressed in mathematics classrooms, valuable learning opportunities for
students to appreciate and understand mathematics may be lost (Bonham & Boylan, 2012;
Ornstein, 2010; Strayhorn, 2015). Although some American schools and even school districts
experience widespread success, the American educational system as a whole has yet to improve
over the years despite various reform efforts and programs (Ornstein, 2010; Spellings, 2010). As
noted earlier, students in the United States continue to score well below students from other
industrialized countries despite the fact that the United States spends more money on education
for individual students than any other country except Switzerland (Ornstein, 2010).
American education has been described as a “rising tide of mediocrity” (Ornstein, 2010,
p. 424). Many factors including lower achievement scores, reduced requirements for testing,
lower graduation requirements, lower expectations for teachers, an increase in remedial courses,
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and higher rates of illiteracy have contributed to a continual decline in America’s educational
system (Bonham & Boylan, 2012; Hobbs, 2012; Ornstein, 2010). Educators in colleges and
universities are seeing more students begin their first semesters taking developmental education
courses in reading and math (Bonham & Boylan, 2012; Gallard et al., 2010). Critics of
America’s educational system often argue that the reason for the continual decline in America’s
educational achievement is because schools attempt to take on too many social problems that
parents and other agencies of society choose not to address or are unable to resolve (Ornstein,
2010). After spending nearly one trillion dollars on programs and initiatives for low-income and
low-achieving students, educational policy makers are still unable to distinguish between
effective and ineffective programs and determine if continual spending actually has the potential
to affect educational achievement (Ornstein, 2010).
Reasons Students Are Falling Behind in Mathematics
The achievement gaps in mathematics between American students and students from
other industrialized countries continue to worsen, a trend evident for nearly 40 years (Ornstein,
2010; Spellings, 2010). As a result, educators, administrators, and policymakers unsuccessfully
seek to explain the consistently low scores of American students despite numerous efforts at the
federal, state, and local levels to improve math and science scores (Ornstein, 2010). Although
excuses for the continual decline in test scores of American students are numerous, school
financing and other government-initiated programs seem to have had only a marginal effect on
student achievement (Ornstein, 2010). To explain why American students continue to fall behind
students in other countries in the area of math and science, Ornstein (2010) created 10 reasons
why students from other countries continually outperform American students in mathematics and
science.
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Ornstein’s first reason was that about 20-33% of math and science teachers at the middle
school and high school levels teach out of licensure because each state department of education
sets its own policies for teacher licensure and much variation exists from state to state (Norris,
2013; Ornstein, 2010). Over half of the teachers certified to teach math or science do not feel
confident or qualified to teach specific courses such as calculus or physics (Ornstein, 2010). In
line with Ornstein’s work, Bornfreund’s (2012) study found that the current licensing and
certification configuration for teachers appeared to be structured more on how school buildings
run instead of on the way children develop. Most states provide licenses for elementary teachers
that span K-5 or K-6 after teachers demonstrate competency through their state’s required
assessment (Bornfreund, 2012; Norris, 2013). A new approach could be to provide licensure that
instead spans pre-kindergarten through third grade and another licensure that begins at third
grade and extends into middle school (Bornfreund, 2012). A shift in licensure for specific grade
spans and assessments utilized for teacher certification could help ensure that teachers become
better prepared in their particular areas and efficient in teaching their students (Bornfreund,
2012; Norris, 2013). Bornfreund found that teachers of young children often fit one of two
categories--either they understand how students learn but lack subject-area expertise or they
understand content-related knowledge and skills but do not have insight on how students learn.
In fairness to students and teachers, no educator should be in charge of a room full of children
without having the skills and knowledge to help them remain engaged and successful in each
content area at each grade level (Bornfreund, 2012; Norris, 2013). Knowledge about effective
teaching pedagogy and practice are necessary components for pre-service teachers to acquire as
they prepare to become effective educators (Monk, 2015).
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Ornstein’s second reason American students have fallen behind students from other
countries centers around the amount of mathematics and science course work completed by
American students (2010). Since the mid-1950s, there has been only a slight increase in the total
amount of mathematics and science coursework completed during a student’s 4 years of high
school (Ornstein, 2010). Over the last several decades, the total completion of mathematics and
science coursework for graduating high school students in the United States has only increased
between 2.5 and 2.9 years (Ornstein, 2010). The United States--when compared with Japanese,
South Korean, and Hong Kong students, who average 1.25 science courses and 1.5 math courses
per year--requires fewer mathematics and science courses of their high school students (Ornstein,
2010). In addition to fewer required mathematics courses, American high school mathematics
courses lack rigorous expectations as well (Zelkowski, 2011). Zelkowski (2011) found that
approximately 15% of high school students who completed and passed the three basic
mathematics courses of Algebra I, Geometry, and Algebra II are able to meet the collegereadiness benchmark score of 22 out of 36 on the ACT. Zelkowski also found that nearly 85% of
high school students who complete only Algebra I, Geometry, and Algebra II require some form
of mathematics remediation course in college or are predicted to earn less than a C average in
their entry-level college mathematics courses.
Ornstein’s (2010) third and fourth reasons that American students continue to fall behind
in mathematics and science pertained to assessment items and textbooks. Ornstein argued that
using a short assessment to measure cumulative achievement may not be sufficient for accurately
measuring what students learned because approximately 25% of the NAEP’s test items in
mathematics and science are a reflection of topics not studied by American students (Ornstein,
2010). Ozer and Sezer (2014) found in their study that countries whose students outperform
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American students are introduced to various concepts in earlier grades before American students
as well (2014). In the textbook arena, numerous mathematics and science textbooks are available
and used in school districts across America (Ornstein, 2010). The ministries or departments of
education in other countries approve required textbooks to ensure that the credibility and
consistency of topics taught and covered across the board align well with expected learning
standards (Cogan, Buroughs, & Schmidt, 2015; Ornstein, 2010). Because there are
approximately 15,000 school districts across the United States, textbook publishers aim to please
a wide audience and, therefore, emphasize breadth of topics versus depth of subjects (Ornstein,
2010). Although boards of education approve specific textbooks for each US school district,
American textbook publishing companies try to support the different sets of ever-changing
standards in each state, and the task remains challenging to align continually with new standards
and practices each year (Cogan et al., 2015). The comparison of mathematics textbooks used in
Japan, Taiwan, and China to textbooks used in America revealed that the Japanese, Taiwanese,
and Chinese texts had more difficult and complex questions (Lo, Cai, & Watanabe, 2001; Ozer
& Sezer, 2014). American textbooks tend to present information through having students learn a
wide body of information with less problem solving (Ornstein, 2010; Ozer & Sezer, 2014).
Textbooks utilized in other countries focus instead on fewer topics and additional time to teach
more in depth, allowing students the extra time in order to think about and practice specific
procedures (Ornstein, 2010; Ozer & Sezer, 2014).
Ornstein’s (2010) fifth reason that students in America are outperformed by students
around the world was that high school students from other countries have more homework when
compared to America students. The purpose of mathematics homework is to extend the amount
of time students engage in the study of mathematics (Landers, 2013; NCTM, 1980). NCTM
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(2000) recommended regular mathematics homework for all middle and high school students to
gain necessary skills to successfully master various mathematical concepts. In popular culture,
homework is often depicted as negative by students (Landers, 2013; Ornstein, 2010). This
negative homework perception is particularly the case with students involved in social activities,
out-of-school activities, and after-school work because they feel that they are too busy to
complete schoolwork outside of school hours (Landers, 2013; Ornstein, 2010). According to
Ornstein’s research on 11th-grade American students, 23% reported that they had no assigned
nightly work, 14% with homework chose not to complete that homework, and 26% did less than
one hour of homework per day, while students from other countries often completed 4 or 5 hours
of homework every day (2010). Kitsantas, Cheema, and Ware (2011) found that there was a
relationship between homework and academic achievement. They concluded that the utilization
of homework resources resulted in a significant decrease in mathematical achievement gaps
among students but an increase in positive mathematics self-efficacy of students (Kitsantas,
Cheema, & Ware, 2011). Utilizing homework practice by providing opportunities for students to
participate in classroom activities and including instructional strategies such as allowing
corrections of errors and misconceptions are examples of effective teaching strategies (Sparks,
2015).
The sixth reason American students are falling behind in mathematics, according to
Ornstein (2010), was that American students spend many hours each day watching television and
surfing the internet. A recent study revealed that 8-year-old children devoted an average of 8
hours per day interacting with some type of media (Locker, 2015). Locker (2015) also found that
as students got older, the amount of media time increased, with teenagers spending an average of
11 hours per day with some form of media. In 2013, the children’s network, Nickelodeon, found
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that the average child spent approximately 35 hours per week watching just television (Locker,
2015). Positive effects of watching educational or language-skill programs such as Sesame Street
become irrelevant after the age of 7 or 8 years, especially after second or third grade (Ornstein,
2010). Thus, extreme amounts of time spent on television and other forms of media may not be
positively influencing student achievement (Ornstein, 2010).
Ornstein’s seventh reason that students in other countries outperform American students
in mathematics and science was that students in European and Asian schools have a longer
school day and school year (2010). School districts in the United States operate on about a 180day school calendar, whereas European countries average approximately a 200-day school
calendar, and Asian countries a 220-day school calendar (Ornstein, 2010). Others argue that it is
not necessarily the length of the school day, but rather a much-needed improvement in the
overall academic learning time that could help students better learn certain content and skills
(Cuban, 2008). Still, employers are often skeptical of the amount of time students are in school
each day because they question whether the limited number of days and hours spent in the
classroom are sufficient to produce the necessary skills that employees need to work in a
globally competitive economy (Cuban, 2008). Some American business leaders believe that the
longer school year in European and Asian countries is a core reason why those foreign students
are scoring above American students on various tests (Cuban, 2008).
The eighth and ninth reasons American students continually underperform when
compared to similarly aged students from other countries dealt with student poverty and a
student’s family situation (Ornstein, 2010). One of the biggest problems evident in the American
educational system is that schools located in economically disadvantaged areas often provide
inadequate conditions for students (Morgan, 2012). American schools operating in economically
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disadvantaged areas often experience unprepared teachers, high teacher turnover rates, and low
pay (Darling-Hammond & Sykes, 2003; Morgan, 2012; Weiss, 2015). The American student
poverty rate of about 21% to 25% is higher than the student poverty percentage of other
industrialized countries; Australia is the next highest country with a poverty rate of 14%
(Ornstein, 2010). The achievement gap that broadens in schools operating in disadvantaged areas
should not be about the students who are failing but about the public education system that is not
providing appropriate educational opportunities to low-income students (McGee, 2004; Morgan,
2012). Besides high rates of students living in poverty, the United States, when compared with
other industrialized countries, also has the highest percentage of students who experience gang
activity, student violence, teen pregnancy, and drug addiction, all factors that potentially
influence student achievement negatively (Ornstein, 2010). Over 50% of all American students
live in single-parent homes (Ornstein, 2010). Furthermore, approximately 75% of students living
in larger cities, where student achievement is usually the lowest, live in single-parent homes.
Finally, Ornstein’s last reason that students from other countries outperform American
students in the areas of mathematics and science was that some of the other countries may
practice a more selective method of choosing which students will take each of the acheievement
assessments (2010). When American students take the achievement assessments, there is no
selectivity concerning who will or will not take the assessment (Ornstein, 2010). Students
attending inadequate schools in disadvantaged areas tend to do very poorly on international
achievement tests when compared with students coming from more advantaged schools with
additional resources and effective teachers (Darling-Hammond & Sykes, 2003; Morgan, 2012).
The elimination of scores from black and Hispanic students from the test pool of students would
cause the scores of American students to compare more favorably with the scores of students

49


from European and Asian countries who score highest in mathematics and science (Ornstein,
2010).
Teacher Preparedness and Qualifications
Despite reasons, excuses, and explanations as to why American students are performing
at lower levels than students from other industrialized countries, Ertekin, Dilmac, and Yazici
(2009) and Morgan (2012) expressed a need to address current teacher qualifications. Often
teachers who have very little teaching experience and hold minimal educational credentials take
positions in poor school districts that are already struggling with low student achievement rates
(Morgan, 2012). Poor school districts often face the problem of having a shortage of qualified
teachers and often have educators teach subjects in which they are not specialized (Hobbs, 2012;
Morgan, 2012). In contrast with American schools serving students in poverty and disadvantaged
areas, many school systems around the world provide their poor students with a better education
(Morgan, 2012; Paine & Schleicher, 2011). Students from low socioeconomic backgrounds,
including students from South Korea and Singapore, continue to perform better when compared
to American students because their students are taught by qualified teachers despite their
socioeconomic background (Morgan, 2012; Paine & Schleicher, 2011). Instead of placing
unqualified teachers in overpopulated, low-income schools, countries like Singapore tend to
provide their students who come from low socioeconomic backgrounds with opportunities to
participate in classrooms that have a lower student-to-teacher ratio (Morgan, 2012; Paine &
Schleicher, 2011). In Singapore, the most highly qualified teachers teach students experiencing
the greatest difficulty because the rationale is that these students need additional support and the
best teachers to ensure success (Morgan, 2012; Paine & Schleicher, 2011).
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Because other countries, similar to the United States, have to deal with the same issues
such as poverty, exploring teacher-education systems in the countries that continue to outperform
American students could help close the achievement gap in the United States (McGee, 2004;
Morgan, 2012; Weiss, 2015). In Singapore, beginning teachers have the opportunity to be guided
by mentor teachers and to collaborate with other teachers, and they are required to observe
different classes for as long as 20 hours per week (Darling-Hammond, 2008; Morgan, 2012).
Singapore also recruits teachers from those who excel in the top one-third of their high school
class and provides them an opportunity to participate in 100 hours per year of paid professional
development (Darling-Hammond, 2008; Morgan, 2012). In America, almost half of all K-12
teachers come from the bottom of their graduating college class (Kristof, 2011; Morgan, 2012).
Unfortunately, in America an uneven distribution of effective teachers exists in schools across
the country (Darling-Hammond, 2008; Morgan, 2012; Paine & Schleicher, 2011). The countries
leading the world with high achievement scores prepare their teachers more extensively than the
United States, pay their teachers well, and evenly spread their highly qualified teachers
throughout their schools (Darling-Hammond, 2008; Morgan, 2012).
Teacher Training and Pedagogy
Over the years, it has been easy to recognize the success of Asia in its increasing
knowledge and potential for innovation (Ornstein, 2010). Asia’s successes (Ornstein, 2010) have
led to the evaluation of the overall effectiveness of America’s K-12 educational system,
including the effectiveness of teaching and learning. A challenging aspect of the American
educational system is that in the current system, teachers learn mathematics through traditional
educational methods (Ertekin et al., 2009). Traditional educational methods of learning
mathematics have resulted in the current emphasis on teaching to the test through the strategies
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of encouraging students to obtain results in the quickest way--without probing or establishing a
deep understanding--and focusing on rote memorization (Ertekin et al., 2009). Margaret
Spellings (2010), who served as US Secretary of Education from 2005 to 2009, has said that
America’s traditional approach to preparing students and providing schools with the appropriate
credentials is ridiculous. Because content areas such as math, science, and foreign languages
require deep understanding by students, the traditional preparation and credentialing process is
unreasonable for those subject areas (Spellings, 2010).
In response to speculations and debate as to who is responsible for the poor achievement
of American students, Ertekin et al. (2009) conducted a study that examined the relationship
between pre-service elementary mathematics teachers’ mathematics anxiety and their learning
styles and experiences. The study revealed that a significant relationship exists between preservice learners who demonstrate an authority-based learning style and their need of specific
guidance by experts in their content areas. Pre-service teachers who demonstrate a need for
additional guidance also experience higher levels of mathematics anxiety, especially when they
have to work through a test without receiving assistance or guidance. The study also revealed
that pre-service teachers’ learning styles are often similar to the traditional teaching style of
auditory learning, in which the teacher distributes the information, whereas fewer pre-service
teachers reflected the visual and tactile learning styles found in the constructivist style (Ertekin et
al., 2009).
Because mathematics and language arts represent the primary accountable subject areas
used to measure success through statewide assessment programs (Wilburne & Napoli, 2008), the
National Council of Teachers of Mathematics created standards to help encourage effective
teaching strategies (NCTM, 2000). In response to the growing concern about low achievement of

52


American students, the National Council of Teachers of Mathematics (NCTM, 2000) developed
specific principles outlining and guiding mathematical understanding. The purpose of the
principles was to help teachers guide their instruction in such a way that students could see the
purpose behind the math they were doing and recognize its relevance (Burton, 2012). Across the
United States, administrators from various states continue to find it difficult to locate highly
trained and qualified teachers to fill classrooms (Brown, 2012).
Finding certified and qualified teachers has become even more difficult as a shift has
occurred from the traditional approach of memorization of specific formulas, rules, and
procedures to a problem-based, constructivist curriculum (Brown, 2012). Constructivism has
recently become an important learning approach or pedagogy used in mathematics education
(Bukova-Guzel, 2007; Kerkhove & Van Bendegem, 2012). A constructivist approach treats
students as active participants in their own understanding (Kerkhove & Van Bendegem, 2012;
Saliga et al., 2015; Shirvani, 2007; Ulrich et al., 2014). Researchers made a comparison between
the initial process of constructivism and a puzzle (Bukova-Guzel, 2007; Kerkhove & Van
Bendegem, 2012). In a puzzle, a person will construct the meaning of the whole outcome by
using each piece of the puzzle individually, and each of the individual pieces must relate to each
other for the puzzle to be completed (Bukova-Guzel, 2007). Following the completion of a
puzzle, individuals may explain their experiences using each of the pieces and describe how each
piece connects to the others (Bukova-Guzel, 2007). The puzzle perspective relates to
mathematics education as students can take in several mathematical concepts at a time and build
off those experiences through higher levels of thinking (Bulova-Guzel, 2007; Kerkhove & Van
Bendegem, 2012; Ulrich et al., 2014). Teachers may better understand how students learn
mathematics and how to use instructional strategies that help students think mathematically by

53


exploring, questioning, and justifying mathematical problems through the use of constructivist
methods (Shirvani, 2007).
The National Council of Teachers of Mathematics (NCTM, 2000) promoted the
implementation of effective teaching practices of mathematics through the development of
rigorous standards to encourage higher achievement in mathematics classrooms across the nation
(Buss, 2010). Ertekin et al. (2009) found that American teachers have yet to receive training
based on the implementation of a constructivist philosophy of teaching through hands-on
methods, higher-level reasoning, and other effective methods of instruction during their teacher
education preparation programs. In addition to inadequate pedagogical training, teachers may
also lack training in the development of skills necessary to work in classrooms with diverse
students having different learning and social needs (Stringfellow, 2009). Because mathematics is
hierarchical in nature, students who have disabilities or those who are learning English as a
second language may struggle to learn mathematics in the general education classroom
(Stringfellow, 2009). Despite the diversity of students represented in American classrooms,
educators must provide effective and quality instructional strategies for students and allow
adequate time and opportunity for students to develop understanding and ultimate proficiency in
the area of mathematics (Ornstein, 2010). Nonetheless, teachers who address and structure their
teaching for their diverse students and their learning needs, include opportunities for students to
practice and develop thinking skills and reasoning (Ertekin et al., 2009). Mathematics teachers
who recognize the diverse learning needs of their students and implement effective learning
strategies and opportunities in their classrooms are at the forefront in the field of education for
the future generation of students. Failure to address how children learn best, to provide
meaningful learning opportunities and experiences, and to understand diverse learners are some
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reasons why American students are falling behind in the content area of mathematics (Ertekin et
al., 2009).
Personal Perceptions
According to Ertekin et al. (2009), teachers having insufficient training and experience
will reflect their prior practices in how they teach mathematics in their classrooms. Thus,
teachers lacking mathematical training, having negative attitudes about mathematics, and
experiencing low self-efficacy about their ability to teach mathematics may potentially affect the
mathematics achievement of their students (Ertekin et al., 2009). How individuals perceive their
identity as being a certain type of teacher, or their self-efficacy, is a reflection of how they
interact with both personal and professional experiences (Bandura, 1993; Hobbs, 2012;
Luehmann, 2007).
A relationship exists between the initial concept of perceived self-efficacy and an
individual’s self-concept (Cayci, 2011). An individual’s self-concept is equivalent to one’s selfperception of his or her own essence (Cayci, 2011). An individual’s perception of his or her selfefficacy affects the willingness to take on challenges presented in life and carry out difficult
tasks (Tella, 2011). The positive or negative perception that individuals choose to develop is a
result of how they view their skills and other characteristics (Cayci, 2011). Perceptions consist of
an individual’s beliefs and judgment when the individual decides how to react and manage a
probable situation (Cayci, 2011). One’s perception, or what Bandura (1997) referred to as
perceived self-efficacy, is the ability of an individual to implement the necessary actions needed
to manage possible circumstances. The stronger the perceived efficacy of an individual, the
greater the level of commitment to carry out and follow through with difficult tasks (Bandura,
1996; Tella, 2011).
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Bandura (1986) defined self-efficacy as “people’s judgments of their capabilities to
organize and execute courses of action required to attain designated types of performances” (p.
391). Bandura also described self-efficacy as “not concerned with the skills one has but with the
judgments of what one can do with whatever skills one possesses” (1986, p. 391). An
individual’s self-efficacy or personal perceptions are a crucial factor in overall competence
(Bandura, 1993; Bates et al., 2011). An individual’s self-efficacy or personal perceptions are a
reflection of that individual’s behavior (Bates et al., 2011). Accordingly, a student exhibiting a
high sense of self-efficacy experiences great achievement, whereas a student with low selfefficacy will experience lower achievement (Bates et al., 2011; Schunk, 1981; Skaalvik &
Skaalvik, 2006). When individuals perceive high levels of self-efficacy, they tend to persevere
longer and try harder to accomplish particular tasks (Bates et al., 2011; Pajares, 2003). As
individuals develop their personal perceptions about their various abilities, they tend to
determine how they will utilize their knowledge and skills in that particular ability (Bates et al.,
2011).
Perceptions about Mathematics
Just as an individual’s perceived self-efficacy refers to the level of confidence the
individual has in performing specific tasks (Bandura, 1986), mathematics self-efficacy refers to
an individual’s belief in his or her ability to do mathematics (Bates et al., 2011; Betz & Hackett,
1983). The level of mathematics self-efficacy an individual exhibits correlates with that
individual’s mathematical performance (Bates et al., 2011; Betz & Hackett, 1983). Individuals
who feel confident in their ability to do mathematics tend to do well in mathematically related
problems and tasks (Bates et al., 2011). Studies examining the mathematical self-efficacy of
college students found that students who enrolled in higher level mathematics courses such as
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calculus revealed higher levels of mathematics self-efficacy than students enrolled in lower level
courses (Bates et al., 2011; Hall & Ponton, 2005).
While mathematics self-efficacy refers to an individual’s belief in the ability to do
mathematics (Bates et al., 2011; Betz & Hackett, 1983), mathematics teaching efficacy refers to
one’s ability to teach mathematics effectively (Enochs et al., 2000). Requirements established by
leaders of university and college degree programs in education require elementary pre-service
teachers to participate in various mathematics courses (Burton, 2012; Ma, 2010). Although each
pre-service elementary major must complete prerequisite mathematics courses to attain the
necessary requirements for degree completion, each one has his or her own unique previous
mathematical experiences (Burton, 2012; Ma, 2010). Over the course of a student’s K-12
educational learning experiences in mathematics, common predictors or benchmarks such as
perceived self-efficacy beliefs influence how a student learns various mathematical concepts
(Akay & Boz, 2010). Akay and Boz (2010) described how potential predictors such as one’s
motivation, attitude toward mathematics, and self-efficacy indicate how well a student learned
mathematical concepts. Also, the National Council of Teachers of Mathematics (2000) also
emphasized that a student’s confidence with mathematics, ability to solve problems,
understanding, and disposition toward mathematics are directly influenced by the specific
teaching he or she has encountered during mathematical experiences in the K-12 school years.
An individual’s perception of mathematics is often difficult to change. Durmus (2011)
found that teachers have difficulty in developing new, effective practices as recommended by
organizations such as the National Council of Teachers of Mathematics (NCTM) and other
experts if a familiarity with such practices does not already exist. The beliefs or perceptions that
teachers develop over the years are evident in the teachers’ instructional practices (Beswick,
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2008). According to Durmus (2011), it is often much harder to change the mathematical methods
used by pre-service teachers than to actually teach those teachers new mathematical formulas.
Pre-service teachers continually refer to the values and methods they have previously used and
feel comfortable with, and thus they often have difficulty accepting and developing new
perspectives on various content areas such as mathematics (Beswick, 2008; Durmus, 2011).
A positive relationship exists between a student’s attitude toward mathematics and
overall mathematical success (Akay & Boz, 2010; Elderveld, 1983). Attitudes toward
mathematics are often associated with an individual’s level of enjoyment, the level of
experienced success, and the level of overall usefulness of the concept (Akay & Boz, 2010;
Neale, 1969). As students have either positive or negative mathematical experiences, their
thoughts, attitudes, and perceptions about mathematics develop (Hassan et al., 2012). Students
who perceive mathematics with positive emotions and attitudes tend to have experiences in
which they enjoy math, and do not feel overwhelmed with specific mathematical objectives
(Hassan et al., 2012; Yilmaz & Olkun, 2010). Some students struggle with mathematics and label
themselves unsuccessful but still enjoy math, whereas others label themselves unsuccessful and
do not enjoy math (Hassan, et al., 2012; Tahar, Ismail, Zamiani, & Adnan, 2010; Yilmaz &
Olkun, 2010). The level of mathematics anxiety can influence students’ mathematical attitudes
and perceptions (Hassan et al., 2012). As a result, students who develop high mathematical
anxiety and have negative attitudes toward mathematics tend to score lower on skills that require
mathematical thinking (Hassan et al., 2012; Kargar, Tarmizi, & Bayat, 2010).
In the context of transitioning from a pre-service college student to an elementary teacher
required to teach mathematics, self-efficacy pertains to the level of mathematical competency an
individual expects to attain (Bates et al., 2011; Buss, 2010). As a pre-service elementary major
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transitions from college student to career teacher, the level of self-efficacy transitions with the
individual as well (Bates et al., 2011). As self-efficacy is primarily concerned with an
individual’s perception of his/her level of competence in a particular area (Bandura, 1986), it is
evident that a person’s perceptions develop from experiences, particularly in the content area of
mathematics (Buss, 2010; Evans, 2011).
Personal Experiences Shape Perceptions about Mathematics
According to the National Council of Teachers of Mathematics, each student’s
mathematical knowledge is personal (Chand, 2013; NCTM, 2000). Chand (2013) found that
students have notions about mathematics before even entering a classroom. Some students come
to mathematics classes with the thought pattern that mathematics is a difficult subject that they
must take (Chand, 2013). Other students may lack basic mathematical skills learned early on
and, as a result, have no interest in participating in mathematics any longer (Chand, 2013). A
study completed by Phelps (2010) shed light on how perceptions about mathematics develop, by
looking at the mathematical perceptions of pre-service teachers. In line with the work completed
by Chand (2013), Phelps found that the characteristic of prior performance seemed to have an
effect on the learning goals of the participants. The participants also had a commonality in that
the amount of effort they had previously put forth affected their motivational profiles since
having to exert additional effort to complete a mathematical task meant that they were not good
at mathematics. For many of the participants, verbal persuasions and expectations from teachers
raised their self-efficacy in regard to mathematics. The study also revealed that some of the same
factors that influenced self-efficacy also influenced the mathematics learning goals of pre-service
teachers (Phelps, 2010).
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Consistent with the data collected from the research conducted by Phelps (2010), the way
teachers perceive mathematics often corresponds with their instructional practices and teaching
pedagogy (Burton, 2012). Teachers have the responsibility for deciding and implementing the
daily procedures and instructional practices they deem important and appropriate for their
students (Harbin & Newton, 2013). Thus, individual teachers may determine the most important
ideas from their mathematics curriculum and choose to follow a textbook, create their own
activities, or use other sources to teach those important ideas (Harbin & Newton, 2013). Prior
mathematical experiences and current perceptions of mathematics may heavily influence the
curricular decisions and instructional practices that teachers will choose to implement (Harbin &
Newton, 2013). In the United States, teachers frequently hypothesize that it is important for
students to learn mathematics via procedural knowledge, and often neglect conceptual elements
such as problem-solving and mathematical thinking in their instruction (Burton, 2012; Ma,
2010). Because many American elementary school teachers have to teach all content areas and
not just mathematics, they often lack the time to participate in professional development
opportunities (Burton, 2012; Ma, 2010). An elementary school teacher’s first perceptions of
mathematics may develop as the result of his or her prior mathematical experiences (Harbin &
Newton, 2013). Thus, a teacher’s personal perception of mathematics is a reflection of his or her
instructional practices he or she experienced as a student (Harbin & Newton, 2013).
A study completed by Harbin and Newton (2013) demonstrated how mathematical
teaching practices are aligned. Harbin and Newton sought to determine if the perceptions,
beliefs, and experiences of elementary mathematics teachers aligned with their mathematical
teaching practices. The researchers examined the perceptions, experiences, and cognition in the
daily classroom interactions of elementary mathematics teachers and compared the relationship
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of each of the teachers’ beliefs, views, experiences, judgments, values, knowledge, and
preferences in mathematics with their teaching practices. The study found that teachers
integrated their current mathematical perceptions and experiences into their instructional
strategies and in-class activities when teaching mathematics (Harbin & Newton, 2013).
A reciprocal relationship exists between an individual’s attitude towards mathematics and
the person’s mathematical achievement (Evans, 2011; Harbin & Newton, 2013). The negative
attitudes of teachers toward mathematics often lead them to avoid teaching strong mathematical
content and often result in negatively affecting and influencing the mathematical attitudes of
their students (Evans, 2011). For numerous students, when they hear the word problem, they
immediately develop a negative perception because they associate a problem with the difficult
task of problem solving (Cady & Rearden, 2007). Researchers demonstrate that teachers who do
not believe that they effectively teach mathematics and affect the learning of their students, tend
to avoid using various strategies such as inquiry skills and student-centered learning approaches
with deep mathematical understanding (Evans, 2011; Swars, Daane, & Giesen, 2006). Teachers
with higher levels of mathematical content knowledge, positive mathematical attitudes, and selfefficacy are more likely to have higher student achievement in their classrooms than teachers
who express lower levels of mathematical knowledge, attitudes, and self-efficacy (Evans, 2011).
A teacher’s belief and confidence in teaching mathematics are a reflection of the instructional
practices implemented in his or her classroom. “When mathematics teacher educators discussed
their usage of mathematical knowledge, they—either explicitly or implicitly—demonstrated
attempts to introduce their students to ideas and approaches consistent with disciplinary
mathematics” (Zazkis & Zazkis, 2010, p. 260).
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Factors such as mathematics anxiety and low scores on mathematics assessments
influence mathematical perceptions. Other factors such as cognitive ability influence the
mathematical perceptions of students as well. Students considered gifted and talented, based on
IQ assessments and scores achieved on other evaluations, often reported they developed negative
perceptions of mathematics (Hassan et al., 2012). Gifted students stated that unpleasant
experiences in mathematics classrooms concerning the types of activities, teacher personalities,
and the overall attitudes of the teacher caused many of them to develop negative perceptions of
mathematics themselves (Hassan et al., 2012). Many times for gifted students, mathematics
instruction that was not stimulating, such as monotonous tasks, has caused those students to lose
interest, become bored, and develop negative perceptions of mathematics as a result (Hassan et
al., 2012). Mathematical experiences and teacher attitudes may influence students to develop
negative perceptions and attitudes about mathematics despite their ability level (Hassan et al.,
2012).
In summary, a student’s time spent in elementary school represents a formative period for
the development of self-efficacy (Bandura, 1997). The student’s school experiences will reflect
in his or her efficacy toward various content areas (Bandura, 1997; Griggs, Rimm-Kaufman,
Merritt, & Patton, 2013). A teacher who implements instructional practices with an emphasis on
mastery learning may influence a student’s self-efficacy toward that particular subject area (Fast
et al., 2010; Griggs et al., 2013; Patrick, Ryan & Kaplan, 2007). Instructional leaders working
within a K-12 setting or teacher preparation programs should be aware of the influence that
experiences of pre-service and in-service teachers have in affecting the type of instruction the
individual will implement in his/her classroom (Harbin & Newton, 2013). Even though leaders
of teacher education programs may have significant potential to influence the perceptions of pre-
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service teachers before they enter classrooms of their own, it is important that K-12 leaders
provide their teachers with opportunities to understand what effective teaching and practice look
like in mathematics classrooms (Burton, 2012; Harbin & Newton, 2013).
Mathematics Anxiety
As students from other countries continually outperform American students in
mathematics, educators must become aware of how providing specific learning experiences for
students may potentially affect a student’s level of mathematics anxiety, motivate mathematical
confidence, and influence self-efficacy (Bandura, 1997; Ornstein, 2010). From birth, individuals
learn and develop various psychological, emotional, and other characteristics by interacting with
the environment and different experiences (Ertekin et al., 2009). An individual’s self-efficacy
and perceived self-efficacy beliefs may have a considerable influence on the development of that
person’s cognitive competencies (Bandura e al., 1996). Furthermore, a child’s or teacher’s
beliefs in his or her self-efficacy may affect that individual’s overall academic motivation,
interests, and academic achievements (Bandura, et al., 1996; Schunk, 1989; Zimmerman, 1995).
One characteristic acquired at a young age is anxiety (Ertekin et al., 2009). Numerous
studies have investigated various factors that may potentially play a role in an individual’s
development of anxiety, particularly anxiety over mathematics (Deniz & Uldas, 2008; Ertekin et
al., 2009). Researchers’ work has led to three dimensions, including environmental, mental, and
personal, that influence a person’s level of mathematics anxiety (Deniz & Uldas, 2008; Ertekin et
al., 2009). Other factors including effects of society, family, mathematics education, evaluation
in the classroom, the culture of the classroom, teacher behavior, and the instructional methods of
the teacher also tend to influence an individual’s level of mathematics anxiety (Ertekin et al.,
2009; Shields, 2006).
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The initial concept of mathematics anxiety is a phenomenon that has gained popularity in
research and interest over the last 30 years (Bekdemir, 2010; Tooke & Leonard, 1998; Trujillo &
Hadfield, 1999). Bekdemir described mathematics anxiety as the expression of illogical feelings
“of panic, embarrassment, flurry, avoidance, failing and fear, which are physically visible, and
which prevent a solution, learning and success about mathematics” (2010, p. 312). Others have
described mathematics anxiety as a complex phenomenon including mathematics test anxiety,
fear of completing mathematics coursework, and a desire to avoid mathematics at all costs
(Bessant, 1995; Brady & Bowd, 2005; Brown, Westenskow & Moyer-Packenham, 2011).
Researchers have suggested that once students develop anxiety about mathematics, the anxiety
follows them to higher grade levels and eventually college and university mathematics courses
(Bekdemir, 2010; Brady & Bowd, 2005; Harper & Daane, 1998). The number of students who
enter college and university degree programs with mathematics anxiety continues to increase
(Andrews & Brown, 2015).
Mathematics anxiety often begins with elementary students during their first years
learning mathematics and may potentially remain evident throughout an individual’s later
mathematical experiences (Burton, 2012). Multiple factors such as timed mathematics tests,
accepting only one method of solving a problem, lack of differentiation based on student needs,
embarrassing students in front of peers, and tying instruction to exact procedures of a textbook
may cause students to develop mathematics anxiety (Burton, 2012; Swars, 2006). As students
transition from elementary to secondary grades, students are also prone to develop mathematics
anxiety at the secondary level because mathematical concepts increase in difficulty throughout
the higher grade levels (Brown et al., 2011).
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Although it is difficult to resolve or eliminate mathematics anxiety, there are several
strategies that mathematics teachers may implement with their students and be cognizant of
when teaching mathematics. Strategies for providing students with positive mathematics
experiences include offering students opportunities to use manipulatives; letting them work with
peers; and allowing students to see the purpose in the mathematical concepts they are learning
(Burton, 2012). Also, careful attention to concepts that may prove difficult for students to grasp
at particular grade levels may lessen a student’s level of anxiety (Brady & Bowd, 2005; Brown et
al., 2011). Concepts such as fractions or long division that require multiple steps for elementary
students to complete may lead to embarrassing experiences for students if they make errors in
front of other classmates (Brady & Bowd, 2005; Brown et al., 2011). Students who feel
mathematics teachers are hostile, uncaring, gender-biased, or unsympathetic, and that they
assume a particular concept is either simple or self-explanatory, may develop anxiety about
mathematics (Brown et al., 2011). Therefore, having a better understanding of various factors
that may contribute to mathematics anxiety may help educators provide improved mathematical
learning experiences for their students.
As mathematics anxiety tends to stay with an individual as the individual progresses
throughout his or her mathematical experiences (Burton, 2012), it is prevalent in college
mathematics courses as well, particularly with pre-service elementary teachers (Bates et al.,
2011). Anxiety about mathematics tends to focus on how an individual views his or her lack of
mathematical confidence or knowledge of mathematics (Brown et al., 2011; Geist, 2015). As a
pre-service elementary teacher transitions from student to elementary classroom teacher, the
individual’s current belief about mathematics and lack of mathematical knowledge may result in
anxiety towards mathematics (Cady & Rearden, 2007). Pre-service elementary education
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students have indicated that previous mathematics teachers influence whether or not an
individual will have a positive or negative belief about mathematics (Caty & Rearden). Thus,
pre-service elementary school teachers often attribute their high levels of mathematics anxiety to
their own prior mathematical experiences as younger students (Cady & Rearden, 2007). Preservice elementary teachers have also reported that mathematics anxiety causes them to
experience a fear of mathematics and feel threatened, particularly as the result of negative
experiences during the middle school years (Cady & Rearden, 2007; Griggs, Rimm-Kaufman,
Merritt, & Patton, 2013). Conversely, pre-service elementary teachers who had math instructors
trained to understand and be aware of the needs of their students and create environments where
their students were apt to feel safe and comfortable taking academic risks did not experience
feelings of mathematics anxiety (Griggs et al., 2013).
Besides having individual mathematics anxiety, various pre-service teachers may also
experience or develop anxiety about teaching mathematics. “Mathematics teaching anxiety may
be defined as pre- and in-service teachers’ feelings of tension and anxiety that occurs while
teaching mathematical concepts, theories, and formulas or during problem solving” (Peker, 2009,
p. 336). This type of anxiety differs from a person’s personal anxiety because this type of anxiety
pertains to an individual’s feelings regarding his/her ability to teach mathematics (Brown et al.,
2011; Geist, 2015). Mathematics anxiety, internally focused, serves as a reflection of how one
perceives his/her own ability to interact with mathematics (Brown et al., 2011). A person’s level
of mathematics teaching anxiety is a reflection of what the person believes about his/her own
ability to engage children and provide interaction with mathematics concepts (Brown et al.,
2011). An individual’s mathematics teaching anxiety may be independent of his/her mathematics
history or background experiences (Brown et al., 2011). Therefore, someone may not experience
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mathematics anxiety and could potentially exhibit confidence regarding his/her mathematics
knowledge but may demonstrate mathematics teaching anxiety due to a lack of confidence in
personal ability to teach mathematics to children (Brown et al., 2011).
A study completed by Haciomeroglu (2013) sought to investigate whether or not there
was a relationship between elementary pre-service teachers’ mathematics anxiety and their
mathematics beliefs. The study revealed that pre-service teachers who have higher levels of
mathematical anxiety demonstrated lower mathematical beliefs, whereas pre-service teachers
with low levels of mathematics anxiety revealed higher mathematical beliefs. The researcher
concluded the study by emphasizing that college and university educators need to realize the role
mathematics anxiety may play in influencing the mathematical beliefs of elementary pre-service
teachers. Also, a pre-service teacher’s level of mathematics anxiety and mathematical beliefs
may have a profound effect on how effective the pre-service teacher can teach mathematics at
various elementary grade levels (Haciomeroglu, 2013).
Because pre-service teachers’ mathematics anxiety and mathematical beliefs may
influence their effectiveness in teaching mathematics (Geist, 2015; Haciomeroglu, 2013), it is
important to examine the things that influence mathematics anxiety. Bekdemir (2010) wanted to
determine if a pre-service elementary teacher’s worst mathematics experience and most
troublesome mathematics classroom experience influenced his/her level of mathematics anxiety.
Bekdemir investigated the degree of mathematics anxiety, the worst and most troublesome
mathematics classroom experiences, the common grade levels in which anxiety occurs, and
methods to reduce mathematics anxiety among the population of pre-service elementary
teachers. He demonstrated in the results of his study that most of the pre-service teachers were in
the moderate anxiety category. The moderate anxiety group consisted of the pre-service teachers
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with the worst mathematical experiences and most troublesome classroom experiences. The
other pre-service teachers with no very bad experiences comprised the low mathematics anxiety
category. Subsequently, the anxiety level of the participants with troublesome experiences was
higher when compared to those who did not report any troublesome mathematical experiences.
Bekdemir revealed that the main cause of the pre-service teachers’ anxiety was the childhood
mathematics teachers’ instruction and behavior. An instructor’s method of instruction and
behavior made many of the pre-service participants feel insecure and uncomfortable during the
class. Bekdemir also revealed that additional causes of mathematics anxiety include exam
anxiety, inadequacy of the teacher, peer pressure, negative attitudes toward mathematics, a
student’s personality type, difficulty with the content of mathematical concepts, and the context
of the school and its surroundings (Bekdemir, 2010).
Consistent with Bekdemir’s study (2010), pre-service elementary school teachers,
especially early childhood teachers, often report that they experience mathematics anxiety (Bates
et al., 2011; Geist, 2015). Pre-service elementary majors reported higher-levels of anxiety in
mathematics than anxiety in other undergraduate majors (Bates et al., 2011; Bursal & Paznokas,
2006; Gresham, 2007; Harper & Daane, 1998; Vinson, 2001). Subsequently, various kinds of
anxiety toward mathematics may occur at some point in an individual’s educational career if the
individual has had any harmful mathematical experiences (Bekdemir, 2010). The most harmful
mathematical experiences are a result of teacher behavior (Bekdemir, 2010). Once an individual
has had a harmful mathematical experience that resulted in mathematics anxiety, the effects of
the anxiety remain with the person into the upper grades (Bekdemir, 2010). As mathematics
teachers are the major cause of mathematics anxiety, those in charge of teacher education
programs should structure courses to help pre-service teachers overcome their anxiety
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(Bekdemir, 2010). Helping pre-service teachers overcome their own anxiety could help prevent
an unending cycle of mathematics anxiety transferred to others, which could potentially become
a barrier to the mathematical achievement of students (Bekdemir, 2010).
In addition to traditional pre-service elementary teacher candidates, it is also important to
examine non-traditional pre-service candidates as well. Non-traditional candidates can be
students meeting various criteria, such as students who are pursuing education as a second
career, have been out of high school for some years, or are older than the typical 18-25-year-old
college student. Non-traditional pre-service elementary education teacher candidates tend to have
weak mathematical backgrounds because they have been away from a mathematical academic
setting for a longer time than traditional students who recently graduated high school and entered
into higher educational studies (Brown, 2012). Regardless of a pre-service elementary teacher’s
background, leaders of teacher education programs must recognize Bekdemir’s (2010)
suggestion that if pre-service teachers have mathematics anxiety, they will be more apt to
influence their students to develop their own mathematics anxiety. Often teachers with
mathematics anxiety question their own ability to teach mathematics (Bates et al., 2011;
Bekdemir, 2010; Geist, 2015). Teachers who are mathematically anxious tend to demonstrate a
negative attitude toward mathematics, and this in turn eventually results in causing students to
develop an anxiety of mathematics as well (Bates et al., 2011; Bekdemir, 2010; Brady & Bowd,
2005; Harper & Daane, 1998). Because a teacher’s mathematics anxiety can cause his or her
students to develop mathematics anxiety of their own, the outcome can result in a vicious cycle
of anxiety passed among individuals (Bekdemir, 2010). Thus, to help prevent an ongoing cycle
of mathematics anxiety, math teachers must become aware of how their anxiety may affect their
future students (Bekdemir, 2010).
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A number of researchers supported the findings of Haciomeroglu (2013) and Bekdemir
(2010) that a pre-service elementary teacher demonstrating a high level of mathematics anxiety
is likely a teacher who does not enjoy teaching mathematics and thus does not teach mathematics
well (Brown et al., 2011; Isiksal, Curran, Koc, & Askun, 2009; Swars et al., 2006; Geist, 2015).
As the number of students who develop mathematics anxiety increases over the years, it is
important to consider that a rather high proportion of students entering undergraduate elementary
preparation programs are potentially bringing their anxiety to their preparatory methods courses
(Andrews & Brown, 2015; Brown et al., 2011). Therefore, gaining a better understanding of the
overall relationship of how mathematics anxiety may influence pre-service teachers’ beliefs and
attitudes is worth further investigation (Brown et al., 2011).
Difficulty with Higher-Level Mathematics Courses
A student’s early mathematical experiences are important for developing a solid
foundation for future mathematical success (McCulloch, Marshall, DeCuir-Gunby, & Caldwell,
2013). Brisk (2013) found that educators in pre-service teacher preparation programs do not
provide pre-service elementary and middle school majors with the depth of mathematical
knowledge needed to teach mathematics for understanding. The most effective mathematics
teachers ultimately understand the mathematical concepts they teach at a greater depth than their
students (Brisk, 2013). As students transition from elementary school mathematics to middle
school mathematics courses, their overall mathematics achievement declines while mathematics
anxiety and frustration toward mathematics increase (Griggs et al., 2013; Raccanello, Brondino,
& Bernardi, 2013). With increased concern regarding the mathematics achievement of students
across the United States and recent attention on student performance, it is important to
understand what factors contribute to students’ decline in mathematics achievement and
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increased frustrations during the middle school years and beyond (Griggs et al., 2013; Harbin &
Newton, 2013).
Higher level mathematics courses such as Algebra and Geometry often increase a
student’s level of frustration and bring a decline in overall achievement because abstract
representations and complex relationships between quantities are introduced (Booth, Barbieri,
Eyer, & Pare-Blagoev, 2014). Students have difficulty understanding and correctly using literal
symbols and interpreting variables that represent a number in a variety of ways (Celik & Gunes,
2013; Jones, 2012). Algebra and Geometry courses also magnify misconceptions that students
may have developed from earlier mathematical experiences (Booth et al., 2014). Even though
Algebra often determines whether students move on to other mathematical courses of study,
many American students fail to succeed in Algebra; for example, 64% have been less than
proficient on end-of-course exams in California (Booth et al., 2014; California Department of
Education, 2014). In addition to American students failing to reach levels of proficiency, they
also typically study algebraic concepts one to two years later than students from other
economically developed countries (Domina, 2014). According to the National Assessment of
Educational Progress (NAEP), 35% of eighth-grade students enrolled in public schools take
Algebra as middle school students (Loveless, 2013). In an effort to close the gap between the
performance and standards of Americans and those of other developed countries, recent
initiatives focus on increasing the proportion of middle school students enrolled in Algebra
courses (Domina, 2014; Stein, Kaufman, Sherman, & Hillen, 2011). Despite efforts to push
students to complete higher level mathematics courses such as Algebra, full implementation of
the goal is still a work in progress (Domina, 2014).
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Pre-service Elementary Teacher Mathematics Methods Courses
Before gaining certification in the content areas of English language arts, social studies,
science, and mathematics, pre-service elementary teachers must participate in some mathematics
courses to fulfill their degree requirements (Burton, 2012). As pre-service elementary teachers
prepare for their certification and meet undergraduate requirements, general education
mathematics content courses tend to differ from pre-service elementary mathematics preparatory
courses (Burton et al., 2008). Burton, Daane, and Giesen (2008) defined the difference between
mathematics content courses and methods courses as follows: “Most often mathematics content
courses address mathematics concepts and procedures, while mathematics methods courses focus
on learning theories and the application of activities to facilitate learning” (p. 1). Because
mathematics content courses and pre-service mathematics content courses are different, the
designs of the two courses do complement each other. Because mathematics content courses
teach mathematics content through strands such as numbers and operations, algebra, data
analysis, geometry, and measurement, the goal of mathematics methods courses is for
participants to develop knowledge and understanding as to how children may best learn
mathematical concepts (Ford & Strawhecker, 2011). As the result of different designs and
structures, mathematics content courses and pre-service elementary teacher mathematics
methods courses are separate, with few commonalities. As a result, when an apparent separation
of mathematics content and pedagogical practice exists, disconnect between the two will occur
(Ball, 2000; Burton et al., 2008).
Because mathematical content knowledge and pedagogical content knowledge are
separate entities, researchers have recognized the need to bridge the gap in elementary teacher
programs (Burton et al., 2008). There has been an acknowledged need for leaders of elementary
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teacher preparation programs to provide opportunities for pre-service teachers to develop
knowledge of teaching mathematics (Burton et al., 2008). Burton et al. (2008) recommended that
pre-service teachers understand the mathematical content well enough to explain why common
algorithms are possible to their students. Many pre-service teachers lack conceptual
understanding of mathematics, have trouble in developing mathematical connections, and find it
challenging to understand how students conceptually develop their understanding of mathematics
(Burton et al., 2008; Philipp, Armstrong, & Bezuk, 1993).
Educators who design mathematics courses for pre-service elementary school teachers
may play a vital role in influencing ways that pre-service teachers will teach in classrooms of
their own (Ellis et al., 2009). Typically, pre-service elementary teachers in the United States have
learned mathematics through the procedure of memorization of facts and algorithms that they
later recalled on tests and worksheets (Ellis et al., 2009; Stigler & Hiebert, 1997). Pre-service
teachers exposed to this kind of mathematics instruction grow accustomed to accepting the rule
or procedure as the teacher presents it and do not bother with trying to make sense of it or justify
why such a rule or procedure is possible (Ellis et al., 2009). As teachers are encouraged to use
new mathematical strategies and methods with their students in ways they never learned, leaders
of college and university preparation programs inherit a responsibility to prepare their
participants to become effective mathematics teachers (Ellis et al., 2009; NCTM, 2000).
A pre-service elementary teacher tends to view mathematics either positively or
negatively, depending on previous mathematical experiences (Bekdemir, 2010). Mathematics,
when viewed through a traditional lens, encompasses learning a series of isolated facts through
the process of memorization rather than learning for deep understanding (Briley, 2012). Thus,
many pre-service elementary teacher candidates’ mathematical experiences consist of methods of
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recalling how to achieve various mathematical objectives through obeying a set of rules rather
than understanding why the various rules exist and work (Briley, 2012; Ellis et al., 2009). As a
result of previous mathematical experiences, numerous pre-service elementary school teacher
candidates begin teacher education programs with predetermined beliefs about learning and
teaching mathematics and may not have confidence in teaching mathematics as a result (Briley,
2012). Bekdemir (2010) recommended that leaders of teacher education programs must ensure
that students with varying background experiences in mathematics enroll in pre-service
preparatory courses. As students are studying and preparing to become elementary teachers,
instructors in college and university pre-service programs have the potential to help the students
develop coping skills to overcome any mathematical experiences that have harmfully resulted in
mathematics anxiety (Bekdemir, 2010). Leaders of teacher education programs have the
opportunity to prevent additional mathematics anxiety from forming and help reduce current
mathematics anxiety (Bekdemir, 2010).
There has been a long-term focus on improving the mathematical content knowledge of
elementary teachers (Gleason, 2010). Over the two decades before this study was published,
momentum had grown to shift the focus of learning mathematics education from rote
memorization of specific rules and facts to implementing a process-oriented approach (Brown,
2012). Over the last two decades before the publication of my study, many pre-service
elementary teacher preparation programs have begun to replace traditional teaching models, such
as the memorization of specific rules, with a constructivist approach that includes a focus on
problem solving (Briley, 2012; Ford & Strawhecker, 2011). The goal of using constructivist
models of instruction is to teach students to think about mathematics and develop a deeper
mathematical understanding (Briley, 2012; Ford & Strawhecker, 2011; Saliga et al., 2015). As
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Gleason (2010) put it, “One key component of improving the mathematical education of students
is to improve the knowledge of their teachers” (p. 1).
Even though the process of teaching mathematics using constructivist methods has been
ongoing and is continuing to evolve, such methods are still not prevalent in school districts
across the nation (Penn, 2012). As a result, it is often a difficult process to address when
numerous pre-service elementary teachers enter into university or college methods programs
with predetermined perceptions of how they view mathematics and plan to teach mathematics in
their classrooms (Penn, 2012). Researchers have demonstrated that effective preparatory
methods courses may influence the predetermined beliefs of pre-service elementary teachers if
pre-service elementary teachers have opportunities to reflect on their current beliefs (Beswick,
2006; Briley, 2012; Philipp, 2007; Swars et al., 2007). Providing opportunities for pre-service
elementary teachers to participate in real classrooms before their student teaching internship may
help them develop a higher level of growth and confidence in mathematics (Cady & Rearden,
2007). Also, programs may prove influential to pre-service teachers when those teachers learn
alternate methods and strategies to solve problems and have opportunities to pose questions and
diagnose student thinking (Holm & Kajander, 2012).
Holm and Kajander (2012) examined how pre-service teachers who enrolled in an
additional mathematics methods course progressed in their overall mathematical knowledge and
understanding of fundamental mathematics concepts. The researchers tracked the effectiveness
of an additional mathematics methods program regarding its influence on students’ knowledge
and understanding of fundamental mathematics concepts. The researchers found that the
common reason pre-service teachers chose to sign up for the additional methods course was that
they did not feel confident in their mathematical preparedness. A common theme evident from
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numerous participants was that they did not feel that there was enough time in the regular
mathematics methods course to gain a deeper understanding or develop greater confidence about
mathematics. The researchers concluded that for pre-service teachers to teach mathematics
conceptually, they must first understand the mathematics necessary for teaching (Holm &
Kajander, 2012).
In line with the study completed by Holm and Kajander, (2012), a college or university’s
effectiveness in preparing pre-service teachers corresponds to assessing the teaching efficacy
beliefs of those pre-service elementary teachers (Rethlefsen & Park, 2011). Effective methods
programs for pre-service elementary teachers have the potential to positively influence their
current beliefs about teaching mathematics although it is often difficult to change already
established beliefs (Rethlefsen & Park, 2011). One of the most influential experiences that
methods programs may provide pre-service elementary teachers is the opportunity for students to
practice and take part in classroom field experiences and to receive modeling and feedback
(Rethlefsen & Park, 2011). Eraslan (2012) investigated the thought processes of pre-service
elementary mathematics teachers when they are completing a model-eliciting activity in an
elementary classroom. The researcher concluded that the modeling activities, when compared
with traditional methods of teaching mathematics, help students build upon their previous
understandings and encourage in-depth thinking.
In addition to providing classroom field experience and opportunities for modeling and
feedback, elementary teacher preparation programs may provide opportunities and strategies for
students to practice applying problem-solving strategies to real-life situations and to implement
varied methods of assessment (Harbin & Newton, 2013; Weiss, 2015). Allowing pre-service
teacher candidates opportunities to challenge the implementation of traditional strategies and

76


instead practice constructivist models of instruction may potentially influence those pre-service
elementary teachers to reconsider their current perceptions about mathematics and self-efficacy
(Harbin & Newton, 2013). Having mentoring opportunities with classroom teachers and
university professors who are confident in teaching mathematics may influence the teaching
efficacy beliefs of pre-service elementary teachers before they become teachers in classrooms of
their own (Rethlefsen & Park, 2011).
Burton (2012) examined the symbolic representations of math drawn by pre-service
elementary teachers at the beginning of a mathematics methods course and investigated the
change that occurred in drawings at the end of the semester. He was interested in examining the
images that pre-service elementary teachers relate to math, the emotions attached to
mathematics, the relationship between specific emotions and images drawn, and the way that
images change during a semester of field experiences. The study found that many of the images
at the end of the semester were positive and negative mathematical experiences that often related
to what took place in the classroom instead of real-world math. Burton indicated that pre-service
elementary teachers often struggle with mathematics because they do not understand the
meaning behind the purpose of specific concepts. In addition, Burton (2012) observed, “Through
examining their own perceptions of mathematics, pre-service teachers (PSTs) may begin to
explore how to deepen their understanding, overcome anxiety, and connect the content to
elementary students” (p. 2).
For both pre-service and elementary teachers already in classrooms of their own,
professional learning opportunities outside of college or university courses may help influence
current beliefs and mathematical practices (Muir, Beswick, & Williamson, 2010). Educators and
administrators need to be aware that effective professional learning opportunities are not a one-
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size-fits-all approach should be but conducted as an individualized experience for participants
(Muir et al., 2010). Muir, Beswick, and Williamson (2010) found that when participants had time
to reflect on their current beliefs and practices and were given roles as active participants instead
of receivers of new practices, they were more likely to recognize how their own beliefs and
practices improved. Professional learning is most successful when participants receive time to
reflect and collaborate on the topic of the professional learning experience and have time to
implement new practices in their methods courses or their own classrooms (Cook & Bush, 2015;
Muir et al., 2010).
Summary
Chapter Two focused on the literature by examining the theoretical framework of
Bandura’s Social Cognitive Theory and the components of self-efficacy and perceived selfefficacy. In mathematics education, an association exists between a teacher’s mathematics
teaching efficacy and the teacher’s own previous mathematical learning experiences (Brown,
2012). Briley (2012) and Brown (2012) also demonstrated that mathematics self-efficacy is
directly related to a teacher’s mathematics teaching efficacy, and elementary pre-service teachers
should possess a belief in their ability to teach mathematics effectively. After examination of the
theoretical framework, I presented a discussion regarding several mathematics programs and
initiatives in place to help support and motivate mathematics achievement. Despite such
programs and initiatives being in place, student achievement in mathematics is still a problem
(Harbin & Newton, 2013). Following the descriptions of various programs and initiatives,
evidence of low student achievement provided a rationale for the continual problem of low
mathematics achievement of American students (Harbin & Newton, 2013; Ornstein, 2010;
Pinder, 2013). Next was an examination of teacher preparedness and qualification, followed by
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teacher training and pedagogy. I further described the development of pre-service elementary
teachers’ personal perceptions about mathematics by explaining how personal experiences and
anxiety affect an individual’s perceptions about mathematics (Ertekin et al., 2009). Last, the
literature review covered the increasing difficulty of higher level mathematics courses and also
examined several pre-service elementary teacher mathematics methods courses and how those
courses may potentially be structured to influence and affect the perceptions and teaching
practices of pre-service elementary teachers (Briley, 2012; Brown, 2012). The review of
literature presented an evident gap concerning the perceptions of pre-service elementary teachers
before their participation in their mathematics methods courses. The literature also revealed an
existing gap regarding the relationship between pre-service elementary teachers’ awareness of
their mathematical perceptions and their mathematical practices when teaching in classrooms of
their own, particularly when viewed through a phenomenological lens.
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CHAPTER THREE: METHODS
Overview
My primary focus in Chapter Three is to describe clearly the methods and structure that I
implemented during the study. The chapter outlines the characteristics and procedures I used to
understand the perceptions of mathematics of pre-service elementary school teachers before their
completion of any mathematics methods courses. In the following sections, I describe my
research study by providing a detailed description of the research plan, the participants involved,
and the methods of data collection. Following the collection of data, I provide an analysis of the
examination of data and a careful description of how I ensured the trustworthiness of the study.
Because the goal of my study was to examine specific experiences that influenced how
and why an individual’s perceptions about mathematics developed, a phenomenological
approach was the most appropriate methodology for this study. Through the implementation of a
phenomenological methodology, my study focused on reviewing the lived experiences of each of
the participants and on uncovering how those experiences influenced the development of their
current perceptions about mathematics, thus revealing the essence of the experience (Moustakas,
1994; van Manen, 1990, 2014). Participants of my study included 10 students enrolled in a small
private university in the Midwest United States. The participants were pre-service elementary
teachers who had taken some upper-level high school and college mathematics courses but had
not yet completed any mathematics methods courses as part of their teacher preparation program.
The collection of data from each of the participants came from individual interviews, focus
group sessions, and one visual representation activity. Once the collection of data was complete,
I sorted and classified the data into common themes that I extracted from the dialogue in each of
the interview sessions and focus group meetings and in the visual representation activity.
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Throughout the study, I was careful to honor and respect the privacy and confidentiality of each
of the participants.
Design
I used a qualitative, phenomenological research approach and examined the perceptions
about mathematics held by pre-service elementary teachers prior to beginning their mathematics
methods courses. This study was phenomenological in nature because I collected and analyzed
the data to describe the essence of each of the individuals’ feelings and perceptions of their
mathematical experiences (Moustakas, 1994; van Manen, 1990, 2014). I chose a hermeneutic,
phenomenological research approach for this study because I explored how and why each of the
participants developed their current perceptions about mathematics from prior participation in
elementary, middle, and high school grade-level mathematics programs, and thus made deep
connections from each of the responses of the participants (Moustakas, 1994; van Manen, 1990).
As I completed the study, I discovered the current perceptions of events/experiences that the preservice elementary teachers developed in regard to mathematics. The interpretative aspect of
hermeneutical research is to “find justifiable modes through which my experience and
comprehension of the phenomenon being researched can serve as a bridge or access for
elucidating and interpreting the meaning of the phenomenon” (Titelman, 1979, as cited in
Moustakas, 1994, p. 11). Thus, by utilizing the hermeneutic, phenomenological approach, I used
the responses of the participants and their own experiences to examine and interpret the
phenomena (van Manen, 1990, 2014). I determined some factors that influenced pre-service
elementary teachers’ perceptions about mathematics and affected their current perceptions about
mathematics as I completed the study.
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I used the theoretical framework of Bandura’s Social Cognitive Theory with the
component of teacher efficacy to guide this study (Bandura, 1986, 1993). The teacher efficacy of
the pre-service elementary teachers included how each individual perceived her ability and
confidence to teach various subject and content areas, particularly mathematics. In regard to
mathematics education, pre-service teachers’ mathematical experiences influence their
mathematics-teaching efficacy. Accordingly, Briley (2012) and Brown (2012) demonstrated that
a relationship exists between mathematics self-efficacy and mathematics teaching efficacy, and
to teach mathematics well, pre-service elementary teachers should possess a belief in their own
ability to teach mathematics effectively. Bandura’s Social Cognitive Theory, along with the
component of teacher efficacy, aligned well with this study because mathematics experiences
influenced the mathematical perceptions of each participant.
Research Questions
1. How do pre-service elementary school teachers who have yet to take mathematics
methods classes describe their current perceptions and attitudes about mathematics?
2. What previous mathematics experiences may have affected the formulation of preservice elementary school teachers’ perceptions of mathematics?
3. In what manner and to what extent do pre-service elementary school teachers speculate
that experiences in mathematics may influence their eventual teaching effectiveness?
Setting
The location of the study was on the campus of a small, private university in the Midwest
United States. The university was located in a rural community approximately 30 miles from a
larger city. The university currently had an enrollment of nearly 1600 undergraduate students,
and 900 graduate students. With 13 undergraduate degrees and 80 areas of study, the institution
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was a 4-year liberal arts university. In addition to offering undergraduate degree programs, the
university also provided five education-related graduate degree programs, one educational
specialist degree concentration, and one educational leadership doctorate degree. The student-tofaculty ratio was 24:1. The university had 54% female and 46% male students and an ethnicity
representation of approximately 85% white, non-Hispanic students; 5% Black, non-Hispanic
students; and 10% students of other or unknown ethnicities.
The location of the university was close to where I reside, and a leading major at both the
undergraduate and graduate levels was education. I chose this university for convenience as well
as for the reputation of the education program. Education was one of the best represented
programs on campus, and I had access to a variety of potential pre-service elementary teacher
candidates. Elementary education majors made up over 8% of the undergraduate population,
with nearly 225 students declaring the major. The interviews, the focus group meetings, and the
visual representation activity occurred in one of the conference rooms located on the campus of
the university, and participants were familiar with the setting.
Participants
I selected the 10 individuals who participated in my study using purposeful sampling
(Patton, 2005). I purposefully selected these individuals as participants in the study because they
were pre-service elementary education majors who completed high school mathematics courses
and some college mathematics courses but had not yet completed any mathematics methods
courses as part of the required teacher education coursework. I selected each of the participants
to address an existing gap in the literature regarding pre-service elementary teachers’ perceptions
about mathematics before their participation in mathematics methods courses. I did not find any
research involving elementary pre-service teachers regarding their perceptions about
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mathematics before the students participate in college and university mathematics methods
courses.
To obtain potential participants for the study, I first received Institutional Review Board
(IRB) approval from Liberty University (see Appendix A) and approval from the university
where I conducted the study. After receiving IRB approval from both universities, I contacted the
director of teacher education and explained the purpose of my study (see Appendix B).
Subsequently, after receiving permission to use students from the university to complete the
study, I shared the specific need for potential candidates who met the criteria of being pre-service
education majors who not yet completed any mathematics methods courses. I asked that my
study be advertised with other colleagues in the education department. University professors
advertised my study and shared the purpose with potential candidates by word of mouth and by
passing out flyers with my contact information (see Appendix C). I encouraged interested
participants to contact me by sending me an email or by calling/texting to learn additional details
about making a commitment to assist with the study. I provided a timeframe on the flyer when
the potential participants should contact me. Once I received contact information and inquiries, I
sent a message to potential participants that further explained the study (see Appendix D). I
obtained expressions of interest from 13 students. The first three interested participants
completed the pilot study (see Appendix E) and the remaining 10 participated in the actual study
(see Appendix F). I attempted to include an equal representation in gender and ethnicity through
opening the study to all pre-service elementary school teacher candidates who not yet completed
any mathematics methods courses. Because the university was a small private institution,
however, achieving a diverse population of participants was challenging. Based on the number of
interested participants, I attempted to create the most diverse participant population possible by
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using all interested participants (see Table 1). I scheduled all 10 participants who expressed an
interest in my study to participate with each method of data collection. As I analyzed the data
collected from each individual participant, I realized that after about my seventh participant,
commonalities frequently reoccurred among the responses. However, because I already had all
10 individuals participate prior to analyzing the data, I continued to analyze the data collected
from the rest of the participants. Because of so many frequently recurring responses from the 10
participants, I realized I had reached data saturation, and I recognized it was not necessary to
advertise the study further and ask for more volunteer participants (Moustakas, 1994; van
Manen, 1990, 2014; Patton, 2005).
Table 1
Description of Participants
Participant
Name
(pseudonym)

Gender

Ethnicity

Schooling
Background

Renae

Female

Caucasian

Public

Academic
Classification
as of Fall
2015
Junior

Major/Minor

Rachel

Female

Caucasian

Public

Sophomore

Elementary/
Undecided
(maybe math)

Mati

Female

Caucasian

Public

Junior

Elementary/
Middle School
Math

Emma

Female

Caucasian

Homeschool

Junior

Elementary/
Early
Childhood

Audrey

Female

Caucasian

Private &
Public

Freshman

Elementary/
Middle School
ELA

Elementary/
Middle School
ELA
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Alyssa

Female

Caucasian

Public &
Homeschool

Freshman

Elementary/
Early
Childhood

Annie

Female

Caucasian

Public

Freshman

Elementary/
Early
Childhood

Kayla

Female

Caucasian

Public

Freshman

Therese

Female

Caucasian

Public

Freshman

Elementary/
Middle School
ELA
Elementary/
Middle School
Science

Piper

Female

Caucasian

Public

Freshman

Elementary/
Undecided

Procedures
This study took place on the campus of a small private university in the Midwest United
States. After receiving approval to complete the study from the Institutional Review Board (IRB)
at Liberty University (see Appendix A), I received approval from the IRB of the university
where my study took place as well. Next, I contacted the director of the department of teacher
education at that university to move forward with selecting participants for the study.
Participants were pre-service elementary teachers who took high school and some general
college mathematics courses but had not taken any mathematics methods courses before the
completion of the study. That collection of data included individual interviews, two focus group
meetings, and a visual representation activity (see Appendices G, H, I, and J). I asked four
experts in the field to review the questions to check for clarity and conciseness (see Appendix
K). I piloted the interview, focus group questions, and visual representation activity with a small
group of three participants not involved in the initial research. The pilot sample included three
participants enrolled in the university who volunteered to participate in the study. Because there
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were not a large number of participants who volunteered to complete the study, I chose the first
three individuals who agreed to commit to the study to complete the pilot study. The pilot trial
study helped me conduct the actual interviews, focus group meetings, and visual representation
activity in an efficient manner. The remaining individuals who volunteered included 10 females
who participated in the actual study. While preparing for the initial study, I anticipated that I
would use eight to 15 participants to remain consistent with the suggested number of participants
needed to achieve data saturation (Moustakas, 1994; van Manen, 1990, 2014; Patton, 2005).
Promptly after receiving expressions of interest from each of the participants, I contacted
the director of facilities at the university and reserved a conference/meeting room on campus (see
Appendix L), so I could begin scheduling interviews and focus group meetings immediately.
Because I was working with college students, I wanted to schedule and complete the interviews,
the focus group meetings, and the visual representation activity before other activities and
commitments began to compete for their time since the timing of my study was at the beginning
of a new academic semester. All 10 of the study participants completed a consent form (see
Appendix M) and scheduled an individual interview, focus group meeting, and visual
representation activity (see Appendix F). Each of the participants arrived promptly for their
interview session, focus group meetings, and visual representation activity and openly shared
their mathematical experiences.
Once I completed the data collection from each of the individual interviews, the focus
group meetings, and the visual representation activity, I immediately began the process of
analyzing the data. I first transcribed each of the individual interview sessions and focus group
meetings and analyzed the visual representation activities. I assigned a number to every
participant, and I coded each individual’s responses to a category that described her response as I
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identified similarities and commonalities presented in the data (Friese, 2014; Saldana, 2009).
After I thoroughly coded every individual interview session, focus group meeting, and visual
representation activity, I sorted and organized each individual’s responses against the common
responses of others (Friese, 2014; Saldana, 2009). The similarities between the coded responses
that became evident from this process allowed me to determine and identify commonalities
among each participant’s individual perceptions about mathematics (Friese, 2014; Saldana,
2009).
The Researcher's Role
My name is Christine McElhaney, and I am the researcher of this study. I am a sixthgrade teacher in a small school district in the Midwest and am in my 10th year of teaching. For
some years, I taught math, reading, writing, and two sections of science. This year, I teach
reading and one section of social studies. I hope to transition back to teaching mathematics soon.
I have taught 1 year of fourth grade, 8 years of fifth grade, and am working on my 1st year of
teaching sixth grade. Recently, I completed a mathematics specialist certification that influenced
me to develop a new philosophy of teaching mathematics. As a result, I have completely
changed the way I teach mathematics in my classroom. I now see the importance of
implementing a constructivist approach to teaching mathematics and regularly use anchor charts,
manipulatives, whole-class discussions, small guided group instruction, and peer tutoring to help
my students develop a deeper, meaningful understanding of mathematics. My only regret about
my new philosophy of teaching mathematics is that I wish I had developed this different
perception of teaching it earlier.
As the result of my experiences and the shift in my teaching, I became very interested in
investigating the development of one’s perception of mathematics. My intent was to examine the
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perceptions about mathematics that pre-service elementary teachers held before beginning any of
their mathematical methods courses. My goal was to understand the perceptions about
mathematics that pre-service teachers developed. I sought to identify any mathematics
experiences each of the participants had before attending university or college teacher
preparatory courses, experiences that may have caused such perceptions to develop. I sought to
identify common experiences or themes that influenced the perceptions of participants. My own
mathematical experiences as an elementary, middle school, high school, and undergraduate
student contained very few constructivist methods of modeling mathematics, but rather
traditional approaches such as memorization and drill and practice, so I was especially interested
in exploring pre-service teachers’ perceptions about mathematics and how experiences
influenced those perceptions.
Because I had restructured my own perceptions about mathematics after completing a
mathematics specialist certification, I was vigilant not to let my new perceptions of mathematics
become apparent to the participants. I allowed each of the participants to describe her individual
experiences, and my experiences did not influence their responses because I did not know any of
the participants on a personal basis. Although I graduated from the university I was using for my
study, I did not have any established relationships with my participants.
Data Collection
Using the technique of triangulation of data, I implemented the use of three methods to
collect data for my study. Thus, I collected data from individual interviews, focus groups
meetings, and a visual representation activity. Each of the participants took part in one individual
interview session with me. Following individual interviews, members of the study participated in
one focus group meeting with other participants and me, the researcher. One focus group
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meeting had four participants, and the other focus group session had the other six participants.
Each interview session and focus group meeting was audio recorded. Finally, participants created
a visual representation activity in which each individual drew a picture and used words to
describe her current perception of mathematics. The visual representation activity was both audio
and video recorded. After the conclusion of the interview sessions, focus group meetings, and
visual representation activity, I accurately represented the data by transcribing each one of the
meetings for further analysis.
Interviews
I gave each of the participants a consent form before the data collection phase of the
study (see Appendix M). Throughout the duration of the study, I met with the 10 members to
complete individual interviews. I asked every participant open-ended questions regarding her
perceptions about mathematics. I assigned each individual a pseudonym to protect her identity,
and audiotaped each interview. Upon the conclusion of each interview session, I transcribed the
interview and provided a copy of the transcription to each participant. I allowed participants to
review them and make suggestions regarding any corrections necessary on the transcriptions, and
this ensured the validity of the data collection.
I structured the interview questions to provide clear understanding of the pre-service
elementary teachers’ perceptions about mathematics. According to Moustakas (1994), “In
phenomenology, perception is regarded as the primary source of knowledge, the source that
cannot be doubted” (p. 52). Moustakas also described how one can closely examine perceptions
and generate new perspectives on knowledge from the past, present, and future. Every perception
counts and adds something essential to the experience. I developed the interview questions to
discover the perceptions about mathematics of elementary pre-service teachers and examine how
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those perceptions may help those in charge of teacher preparation programs best prepare future
teachers (see Appendix G).
Focus Group Meetings
Focus group meetings provided a way to listen and gather information on the way
participants felt about a particular topic (Krueger & Casey, 2009). The purpose of the focus
group meetings was to encourage participants to share personal perceptions with the other
participants. The goal of the focus group session was for the participants to feel comfortable and
potentially recall additional details not shared during the individual interviews with me, the
researcher, as they collaborated with and heard the experiences of other participants. Listening to
the perceptions of other participants encouraged rich discussion between the participants and
contributed to the data. As a result, the additional comments from the focus group meeting
helped me establish and identify additional common themes and patterns in the perceptions of
each of the participants (Krueger & Casey, 2009).
The focus group meetings consisted of two groups of participants. One focus group had
four participants, and the other group consisted of six participants. I asked members of each of
the focus group meetings five open-ended questions (see Appendix H) regarding their
mathematical perspectives. Upon the conclusion of each of the focus group sessions, I
transcribed each session and provided a copy of the transcription to each of the participants. As a
result, the participants had an opportunity to make suggestions regarding any necessary
corrections to the record, and this ensured the validity of the data collection.
Visual Representation Activity
Each participant completed a visual representation activity after each focus group
meeting. The participants completed the activity in the same room, but did not interact or share

91


their representations with other members in the room who were also doing the activity. The
purpose of the visual representation activity was to provide the participants with a way to
communicate personal perceptions about mathematics in a non-threatening context (Rule &
Harrell, 2006). For examining the thoughts and attitudes of students toward various content
areas, researchers can utilize student drawings as a resource for providing valuable information
(Burton, 2012). I used the drawings as a source of data collection and utilized them to explore
the emotions, experiences, and both conscious and unconscious thoughts of each individual
(Burton, 2012).
I began the visual representation activity by giving each of the participants of the study
three blank pieces of paper. I first asked participants to draw a picture that demonstrated personal
feelings toward mathematics when they first started their K-12 educational journey. On the
second sheet of paper, I asked participants to draw a second picture that demonstrated current
feelings toward mathematics as college students. Finally, on the last piece of paper, I asked
participants to draw a third picture that demonstrated what each individual felt her perception
toward mathematics would as a future teacher (see Appendix I and J). Upon completion of each
illustration, I asked the participants to write on their representation activity paper a description of
their pictures and explain why they chose the pictures that they did to represent their personal
feelings toward mathematics. Upon the conclusion of the activity, I transcribed the activity and
implemented the usage of pseudonyms to protect the identity of each of the participants. I
thoroughly examined every participant’s activity by creating a coding system of common and
uncommon themes that I found in each of the representations. I also provided each of the
participants an opportunity to review my finished analysis and provide suggestions to ensure the
validity and reliability of the activity.
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Data Analysis
I analyzed data using a variety of techniques, including bracketing, open coding, meaning
units, and the “essence” of the experience (Moustakas, 1994; van Manen, 1990, 2014). Each of
the techniques contributed to the reliability and validity of the research study. I ensured the
trustworthiness of the study by the incorporation of triangulation of data, member checking,
audit trail, and peer review techniques (Creswell, 2013; Moustakas, 1994; van Manen, 1990,
2014).
Bracketing
The first technique used in the data analysis was bracketing. Through the incorporation of
bracketing, I introduced personal understandings in the study. The purpose of bracketing was to
place my personal experiences, biases, and assumptions aside as much as possible so that I could
examine the experiences of the participants of the study. An important component for me as the
researcher was to bracket out my “preconceived biases and judgments, setting aside voices,
sounds and silences that so readily tell us what something is” (Moustakas, 1994, p. 60).
Attempting to bracket out all pre-determined beliefs and assumptions allowed me to examine the
phenomenon as though I were seeing it for the first time without any pre-conceived ideas or
notions.
Open Coding
The second technique used in the analysis of data was open coding. Throughout the
duration of the study, I audio recorded the individual interviews and focus group meetings. At
the conclusion of each interview and focus group meeting, I transcribed all recordings. Through
the process of transcribing each interview, I read each transcription and identified significant
statements/categories for horizontalization (Creswell, 2013; Moustakas, 1994). Through the
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process of horizontalization, I sought to identify any apparent commonalities or differences and
noted significant and non-repetitive statements; thus eliminating any overlapping statements
(Creswell, 2013; Moustakas, 1994).
I analyzed individual interview sessions first by reading and coding the data collected
from each participant (Friese, 2014; Saldana, 2009). I identified commonalities and differences
that emerged from each of the participants. After I thoroughly coded each of the interviews, I
analyzed the visual representation activities by examining each response and determining if any
of the data corresponded with any of the codes or themes that emerged from the individual
interviews (Friese, 2014; Saldana, 2009). Last, I analyzed the focus group sessions and identified
how the data matched with the previously established codes identified from the personal
interviews or visual representation activity. For the data that did not match prior codes, I
established new codes or themes (Friese, 2014; Saldana, 2009). Initially, I established 57 codes
from my first round of coding from the three data collection methods. I was able to combine
some of the codes that were similar and thus narrowed my number of codes to 43. From the 43
codes I generated, it became apparent that 37 of them fit into two themes: factors that had
positively influenced or negatively influenced the mathematical perceptions of the pre-service
elementary teacher participants.
Meaning Units
The third technique of the data analysis process included meaning units or themes
(Creswell, 2013; Moustakas, 1994). Meaning units comprised a list of significant statements
regarding the experiences of the participants and helped me recognize any themes or contexts
that contributed to the phenomenon (Creswell, 2013; Moustakas, 1994). Using the data collected
through the interview sessions, focus group meetings, and visual representations activity, I
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created a list of significant statements that continually occurred and those that did not repeatedly
occur. I came up with 43 significant statements or codes and grouped 37 of the statements/codes
into common and uncommon themes (Creswell, 2013; Moustakas, 1994). The two common
themes included factors that positively or negative influenced the mathematical perception
factors of the pre-service elementary teacher participants. Because the two themes encompassed
37 codes, I created three subthemes from each one. The remaining six significant
statements/codes that I established did not fit into the two themes of factors that positively or
negatively influenced the mathematical perceptions of the participants. The six significant
statements/codes gave context to why the participants wanted to become teachers, how
experiences would be evident in their future classrooms, and how they believed their perceptions
would change after completing mathematics methods courses. Through the analysis of these
remaining significant statements/codes, I established my third theme of attitudes generated
toward mathematics as a result of experiences. Because participants recalled numerous positive
and negative experiences, specific attitudes toward mathematics emerged from their experiences.
I found that participants’ attitudes corresponded with their particular perceptions.
Essence of the Experience
The final technique of the data analysis process was to understand the essence of the
experience through structural and textural descriptions of the phenomenon (Moustakas, 1994;
van Manen, 1990, 2014). The structural description included a detailed description of how and
why the participants’ perceptions of mathematics developed throughout the course of their
mathematical experiences. Accordingly, the textual description of the study included the
phenomenon each participant experienced in her participation in elementary, middle school, and
high school mathematics. Upon the completion of the interview sessions, focus group meetings,
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and visual representation activity, I investigated common themes. Using the experiences of the
participants of the study in regard to each one’s mathematical involvement, I established those
common themes. I documented each of the participants’ similarities and differences in the verbal
responses from the interviews and focus group sessions. Through the examination of the
experiences illustrated by each of the participants during the visual representation activity, I
established common themes in the illustrations and determined similarities and differences of
each figure that contributed to the essence of the experience as well. Thus, I found what the
participants experienced in mathematics classrooms and how each experienced it in her lifeworld and lived through it, and from this I determined the essence of the experience (van Manen,
1990, 2014). The essence of the experience served as a representation of each of the participants
as a whole in each individual’s mathematical involvements and provided insight into how and
why each participant’s current perceptions about mathematics developed (Moustakas, 1994; van
Manen, 1990, 2014).
Trustworthiness
In completing my phenomenological study, I found that qualitative analysis is quite a
comprehensive task. As I analyzed the data I collected from each participant, I worked hard to
accurately represent the voices of each of my participants (Creswell, 2013). I held myself
accountable for best representing my participants by implementing four accountability standards
including credibility, dependability, transferability, and confirmability throughout my study.
Each accountability standard encompassed a specific technique including triangulation of data,
member checking, audit trail, and peer review, which I used to ensure the trustworthiness of my
study.
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Credibility
To ensure that my study was completed in a credible, reliable, and valid manner, I used
the technique of triangulation of data for my method of data collection (Moustakas, 1994; van
Manen, 1990, 2014). I collected data through using three methods of collection: individual
interviews, focus groups meetings, and a visual representation activity. I recognized the common
themes that emerged from the experiences shared by each of the participants by using three
different methods of data collection.
Dependability
To ensure that my study was completed in a consistent and dependable manner, I allowed
my participants an opportunity to continually review and correct my analysis through the
implementation of the technique of member checking (Creswell, 2013; Moustakas, 1994; van
Manen, 1990, 2014). Through the method of member checking, I provided each participant a
detailed description of the study. With the detailed description of the study, every participant
knew the purpose of the study before participation and was aware of all aspects and requirements
the study entailed. In addition to receiving a detailed description of the study, I gave participants
copies of my transcriptions to check for any misinterpretations following each interview session.
I encouraged participants to share any discrepancies and provide additional suggestions for me
(see Appendix N). The agreement of every participant’s transcribed interview further increased
the reliability of the study because it confirmed that I correctly interpreted the perceptions of the
participants during the interview sessions.
Transferability
Transferability was evident in my study through the rich detail I used to describe my
participants and their experiences (Creswell, 2013). I implemented the accountability standard of
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transferability by describing my study in such a way that it could be replicated by other
researchers (Creswell, 2013). The technique of audit trail was put in place to ensure the
transferability of my study (Creswell, 2013). I implemented the technique of audit trail as I
documented and audio recorded each interview session and focus group meeting and both audio
and video recorded the visual representation activity. To make sure I did not eliminate any
details, I had access to go back through and carefully review each of the interviews and focus
group meetings multiple times. Detailed documentation allowed me to understand the
phenomena of the pre-service elementary teachers’ perceptions of mathematical experiences.
Also, so that other researchers could potentially replicate the study, I provided a complete
context of the study.
Confirmability
The accountability standard of confirmability was evident in my study through the
implementation of the technique of peer review (Goldfinch & Yamomoto, 2012). As I collected
data for the study and I developed themes from the responses of the participants. I consulted four
experts in the field of education to ensure the validity of my analysis. The experts in the field
who reviewed my analysis included an education professor, two public school administrators,
and an instructional coach who works in a public school setting. Each of the experts in the field
earned his or her doctorate degree in an education-related field. Peer review allows “experts to
assess evidence of research excellence because of their own purported excellence in the field”
(Goldfinch & Yamomoto, 2012, p. 5). Through the technique of peer review, I was held
accountable, and it ensured that I completed the highest level of accurate data analysis.
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Ethical Considerations
Before the implementation of the study, I was open and honest with each of the
participants regarding the purpose and nature of the study so that each member was well aware
of what to expect as a participant in the study. I gave each participant an Institutional Review
Board (IRB) approved consent form before their participation in the study (see Appendix M).
The consent form detailed the purpose of the study and provided participants the option to
decline participation in the study at any time. Also, I protected the identity of each member
through assigning each individual a pseudonym, and stored all information on a passwordprotected computer. Finally, I reported data collected from the study in an honest manner,
respected the experiences of the participants, and truthfully reported multiple perspectives and
any contrary findings.
Summary
The primary focus of Chapter Three was to clearly define and describe the methods that I
used throughout the study by addressing the problem that American students are continually
outperformed on mathematics assessments when compared to other students around the world
(National Center for Educational Statistics, 2013, 2015). In response to the ongoing problem of
low mathematics achievement, the purpose and goal of my study was to examine factors and
experiences that influenced pre-service elementary teachers’ perceptions, beliefs, and attitudes
about mathematics. Because instructors of mathematics methods courses may potentially
influence a pre-service teacher’s perception of mathematics (Ellis et al., 2009), the participants of
the study were pre-service teachers who had yet to complete any mathematics methods courses.
In this chapter, I provided a descriptive outline of the characteristics and procedures of the
intended phenomenological research study by giving a detailed description of the research plan
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and design, the research questions, the participants involved, and the methods of data collection.
Following the collection of data, I described how I analyzed those data using bracketing, open
coding, meaning units, the essence of the experience, triangulation of data, member checking,
audit trail, and peer review. I concluded the chapter with a careful description of how I ensured
ethical considerations throughout the study.

100


CHAPTER FOUR: FINDINGS
Overview
The primary focus of Chapter Four is to present the results of my study involving the
examination of pre-service elementary school teachers’ mathematical perceptions. The chapter
provides an individual description of each of the 10 pre-service elementary school teachers who
participated in my study. I present results from my analysis of the data collected from individual
interview sessions, focus group meetings, and a visual representation activity. Within the results
section, I explicitly describe three themes that I established from my data analysis. The chapter
concludes with a thorough discussion of each research question I used as a guide throughout my
study.
The purpose of this phenomenological study was to understand the perceptions about
mathematics of pre-service elementary teachers at a small private university in the Midwest
United States. I had an interest in examining the mathematical perceptions of pre-service
elementary teachers before their participation in mathematics methods courses and sought to
compare any commonalities among participants (Moustakas, 1994). I conducted a
phenomenological study to examine the essence of the experiences of 10 pre-service elementary
teachers who had not yet completed any mathematics methods courses (Moustakas, 1994; van
Manen, 1990, 2014). This study was phenomenological in nature because I collected and
analyzed data to describe the essence of each of the individuals’ feelings and perceptions about
their mathematical experiences (Moustakas, 1994; van Manen, 1990, 2014). I chose a
hermeneutic, phenomenological research approach for this study because I explored how and
why each of the participants developed current perceptions about mathematics from prior
participation in elementary, middle, and high school mathematics programs and thus made
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connections from the responses of the participants (Moustakas, 1994; van Manen, 1990, 2014). I
used Bandura’s Social Cognitive Theory with the components of self-efficacy, perceived selfefficacy, and teacher efficacy to guide my research study (Bandura, 1986, 1993, 1996, 1997,
2001).
As I conducted this study and analyzed the data, I repeatedly read the scripts of the
individual interview sessions and focus group meetings, and I also examined the drawings and
explanations from the visual representation activities to identify and comprehend the experiences
that were influential in affecting the participants’ mathematical perceptions. I utilized the
interpretive aspect of hermeneutical research to understand the pre-service elementary teachers’
perceptions of mathematics as I sought to investigate justifiable modes where my personal
experiences could serve as a bridge to understanding and interpreting the meaning of the
phenomena (Moustakas, 1994). Through the utilization of the hermeneutic, phenomenological
approach, I used the responses of the participants and my experiences as an elementary teacher to
examine and interpret the phenomena (van Manen, 1990, 2014).
Throughout the study, I examined and determined some factors that influenced preservice elementary teachers’ perceptions about mathematics and affected each individual’s
current perceptions about mathematics as I interpreted the essence of the experiences of the
participants (Moustakas, 1994). I present the stories of each of my participants in this chapter as
evidence of my interpretation of each individual’s lived experiences (Moustakas, 1994). Every
participant’s narrative exemplifies her personal feelings regarding her perception of math, and
serves as a snapshot of her lived experiences (Moustakas, 1994).
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Participants
The participants of the study included 10 pre-service elementary school teachers who had
not yet completed any mathematics methods courses. Participants were students at a small
private university in the Midwest United States. The participants were all Caucasian females. All
of the participants were elementary education majors who also either had a minor concentration
in early childhood education or a particular middle school content area, or were still undecided
on which minor concentration to pursue. The participants chose to major in education for various
reasons. A commonality among all 10 of the participants was that every one of them pursued the
teaching profession because of her passion for younger students.
Table 2
Participant Information
Participant
Name
(pseudonym)

Current
Perception of
Mathematics

Mathematics Courses for
High School Credit

Mathematics
Courses for
College Credit

Personal
Reasons for
Becoming a
Teacher
Likes working
with kids

Renae

Negative

Honors Algebra 2
Geometry
Trigonometry/ Pre-Calculus
Calculus

College
Algebra

Rachel

Positive

Algebra 1 & 2
Geometry
College Algebra

Calculus

Loves children
and learning
new things
every day

Mati

Positive

Algebra 2 Geometry
Trigonometry/ Pre-Calculus
College Algebra

Probability/
Statistics
Calculus

Had experience
working with
kids and loved
it

Emma

Positive

Algebra 1 & 2
Geometry
Trigonometry/Pre-Calculus

College
Algebra

Likes kids and
likes to help
them learn
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Audrey

Positive

Algebra 1 & 2
Geometry
Pre-Calculus

College
Algebra

Enjoys working
with kids

Alyssa

Negative

Algebra 1 & 2
Geometry
Probability/Statistics
College Algebra

Intermediate
Algebra

Loves teaching
and watching
kids grow and
progress

Annie

Negative

Algebra 1 & 2
Geometry

College
Algebra

Loved
elementary
school and
wants to help
people

Kayla

Positive

Algebra 1 & 2
Geometry

College
Algebra

Inspired by a
teacher and
likes kids

Therese

Negative

Algebra 1 & 2
Geometry
Statistics

College
Algebra

Everyone in
her family is a
teacher and
also likes the
age of
elementary kids

Piper

Negative

Pre-Algebra
Algebra 1
Geometry

Intermediate
Algebra

Wants to be an
influence on
kids

One commonality among all the participants was an appreciation and love for children as
one of the main motivators for why they chose to major in elementary education. Renae,
Therese, and Rachel shared that they loved the idea of working with children. Rachel said in her
interview, “I decided to become an elementary teacher because I love children first of all. I just
love the idea of learning new things every day and want children to feel that way about
education.” Other participants, including Alyssa, Annie, Emma, and Mati, participated in school
and church programs that allowed them to develop a passion for kids. Alyssa said,
When I was in high school, I was part of student council, and we did a lot of activities
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with the community and with little kids in elementary school and stuff…I just really
enjoyed that, and I could tell they really enjoyed us just from watching them be
fascinated by all of the stuff that we did…It just fascinated me.
Annie shared that becoming a teacher was something she had always thought of doing:
I think it’s always kind of been in the back of my mind. I have done a bunch of Sunday
School and VBS [Vacation Bible School] and have taught a lot of theater and music, too.
It has been through these teaching experiences I have realized that I really like it and
want to keep doing it.
Like Annie, Emma had wanted to become a teacher for a long time. It was through the positive
influence of her mother that Emma initially learned to really enjoy working with children. Emma
stated,
I just really like kids, and I like to help them and I like to help teach. From an early age, I
liked to pretend teach with my friends. I also liked helping my mom because she was a
teacher too, so I helped tutor kids. I had a good influence.
Mati also discovered from working with kids that she had a heart for teaching. In essence, Mati
summed up her passion of one day working with kids in a classroom of her own by sharing her
experience as a peer tutor:
The reason I decided to become an elementary teacher is I really enjoy that it’s such a
crucial time. If you miss it at that level, it seems like you probably will never catch back
up. I just really felt like it was a very pivotal point in a lot of kids’ lives. My senior year I
did peer tutor in a first-grade classroom, and I fell in love with it….I bawled my eyes out
on the last day. It was so fun to see the kids transform from “I can’t, to I can, and I will.”
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Positively reminiscing on their previous mathematical experiences, Kayla, Piper, and
Audrey chose to go into the profession of teaching because they had great teachers and enjoyed
their years in elementary school. Kayla said, “I got inspired by a middle school teacher. She just
brought life into the classroom.” Piper also connected very well to her teachers, especially those
in elementary school. She recalled her experiences:
When I was little, I really enjoyed going to school in elementary school. To this day, I
still remember my teachers’ names and how they taught. It was just a good part of my
childhood I guess. I wanted to be an influence on kids like that.
Finally, Audrey very passionately expressed how she loved her elementary years:
I just loved like all of my elementary teachers and I loved elementary school! Some
people are like “Eww, I hated it!” but I’m like “No! I loved it!” I would much rather be in
elementary than high school. I just really want to help people…I just love how you’re
with the kids every day, so you get to impact them just more through your actions. They
are with you all the time, every day, so they get to know you really well, and you just are
such a big part of their lives.
Despite their commonalities in aspiring to become elementary teachers, each of the
participants grew up in different school situations that embodied experiences from small school
settings, large school settings, and some homeschool environments. Rachel, Mati, Audrey, and
Kayla completed their education in small school districts with an enrollment of fewer than 230
students in each individual’s high school in grades 9-12. Based on an enrollment of 550+ high
school students in grades 9-12, Renae, Alyssa, and Therese graduated from high schools
considered large in the state in which the study took place. Piper graduated from one of the
largest high schools in a neighboring state. Additionally, participants Emma and Annie were
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both part of high school homeschool programs that included both online and individually paced
lessons for their curriculum.
Every participant completed mathematics courses in high school. Each of the 10
participants completed some college courses for either dual credit in high school or as part of
general education pre-requisite requirements. No participants had yet completed any
mathematics methods courses as part of their teacher education requirements.
Individual Description of Each Participant
I presented an individual description of each participant to provide details about their
backgrounds. I included a depiction of the size of the school in which each participant received
her K-12 mathematics education and the reasons why she chose to pursue a career in elementary
education. Each description includes every participant’s current perception of math and
memories of elementary, middle school, and high school mathematical experiences. Finally, I
shared a brief description of how every participant believes she will use her own experiences to
reflect mathematical instruction and practice in her own classroom one day. I listed a brief
snapshot of each individual participant in Table 2.
Renae
Renae was the first participant that I interviewed regarding her perceptions of
mathematics. She grew up in a larger community and graduated from a rather large high school.
She was an elementary education major with a minor in middle school English language arts.
Renae expressed her passion for middle school students by sharing that she just wanted to pursue
middle school education but had to choose to either minor in early childhood or middle school
education with elementary certifications. Renae said, “I just chose elementary because
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sometimes elementary goes up to sixth grade. I would want to teach sixth, seventh, or eighth,
English language arts…I love reading and writing.”
Renae clearly indicated that her current mathematical perception was not positive.
Although she had a timid and reserved personality, she shared her current perception of
mathematics by scrunching her nose and frowning: “I don’t really like math. It’s kind of hard for
me.” Despite her current negative perception of mathematics, she still reflected on both positive
and negative experiences as she shared her mathematical experiences. Renae’s positive
experiences included memories of hands-on situations where she used manipulatives and
competed in board races. As an elementary student, Renae recalled using manipulatives such as
white boards with counters and group work to learn mathematical objectives. Renae shared a
memory she had about using whiteboards and chalkboards to work problems and write down her
answers for classroom problem-solving activities. She remembered working with her peers in a
group that had races to see who could answer the problems the quickest.
Renae’s negative experiences began and continued throughout her middle school and
high school mathematics courses. During these courses, Renae explained that there was less
explanation of the material and the concepts. “In middle school and high school, we didn’t really
do a lot of hands-on learning; it was just a lot of homework…and at the board teaching.”
Although she had a quiet personality, Renae expressed frustration by frowning as she shared that
her high school experiences were worse than her middle school experiences. Shaking her head,
she recalled that high school learning experiences consisted of lectures and less teacher
availability. Renae shook her head and calmly said that she did not like how she often took work
home to struggle through on her own when she needed the teacher present to help clarify various
concepts. Throughout high school, Renae often took math work home and became frustrated
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knowing that she would not have the teacher available to answer questions. As her frustration
grew at home, she felt even more uncomfortable with her high school mathematics courses but
did not feel comfortable asking for help. She carefully thought for a few seconds before
expressing in her interview that what she least appreciated about her mathematical experiences
was the lack of proper explanation.
Feeling uncomfortable just raising your hand and being like umm…“I don’t understand
this.” Whereas in another classroom I felt like it wasn’t difficult to have the teacher
explain it to you and you understand it…but math for some reason is hard for me…I
would always wait for someone else to ask a question…Sometimes I would go up to the
teacher afterward…but not during class.
Looking ahead to when she would have a classroom of her own, despite having some
frustrating mathematical experiences and a timid personality, Renae was self-assuredly
optimistic that she would develop confidence as she worked through her college courses to learn
how to teach. Renae paused several seconds as she carefully considered before answering how
she planned to take some of her experiences and apply those to help her own students one day:
I feel that I can relate to the students that won’t like math as much. I will try and explain
to them reasons of why we learn math and how you can use it and other things outside of
the math classroom.
From her personal experience, Renae elaborated on the importance of not singling out one way
to solve a math problem once she has a classroom of her own. She said, “Everyone learns
differently…so it’s good to have that building block of knowing that there are multiple ways to
teach something so that you can reach out to everyone…there’s not just one way.”
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Rachel
Rachel grew up in a rural community and graduated from a rather small high school. She
decided to become an elementary education major because she loved children. At the time of the
study, she planned to attain middle school certification and considered the content area of
mathematics but was unsure at the time. Rachel was looking forward to helping her future
students appreciate education and develop a love for learning. She was also looking forward to
completing a field experience with a fifth-grade math class during the current academic year as
part of an introductory education course.
Rachel smiled as she shared that she had a positive perception of mathematics because of
a professor she had in a college mathematics course. Rachel said,
I have always liked math, but it’s never been my favorite subject in school. I had a math
teacher at the college and I kind of fell in love with math again. Because I had a great
professor and he just retaught it…he taught it to us in a way that I have never been taught
before… like why things are the way that they are, and instead of just step by step, like
add two plus two, he said why you know when you put things together…it adds to that so
it was, it was a good experience.…it was like a whole new thing for me and so…right
now I love math. I really do. I think I learned a lot this last year with it, and I’m excited to
hopefully pursue that.
Despite having a positive perception of mathematics, she still recalled both positive and
negative mathematical experiences throughout her educational journey. Her early elementary
memories were positive learning experiences. Rachel recalled having positive experiences in her
early elementary years despite frustrations in fifth grade. Over 10 years later, Rachel excitedly
described an interactive activity that helped her remember her multiplication facts. Smiling,
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Rachel said that she would never forget an ice cream sundae activity that she worked on all year.
The sundae project was displayed on the wall, and students worked to build components of a
personal ice cream sundae to learn multiplication facts. She enjoyed watching her sundae grow
to completion as she mastered each group of multiplication facts. Rachel said, “I will always
remember that…it was a really positive thing because it was rewarding…and it was
motivational…I definitely think that helped me memorize and have quick thinking.”
Rachel’s upper elementary experiences were frustrating for her, particularly in fifth
grade. Rachel giggled as she said, “I can remember being in fifth grade and my mom called math
time ‘meltdown’ because when I would go home to do my math homework, I struggled so much
and I always needed help with everything.” Despite having difficult experiences in fifth grade,
Rachel’s middle school experiences were very positive, and she felt like those positive middle
school experiences allowed her to have positive high school experiences as well. She shared that
after she hit about seventh grade, she noticed that mathematical concepts and objectives
continually built on each other. Realizing that mathematics concepts were related and that
understanding one objective could help you understand another one aided Rachel in gaining
confidence in high school mathematics. She developed a positive mathematical perception and
enjoyed helping other students in her classes with their math as well.
In high school, Rachel excelled in algebra as a freshman but struggled with geometry.
She confidently recalled doing very well in algebra because she enjoyed working with variables
and solving equations. However, in geometry she did not grasp various concepts as clearly. “My
sophomore year, when I went to geometry, I was like, ‘I don’t understand!’ …All of the
reflecting of the shapes and proofs…I did not enjoy proofs.” After surviving geometry, Rachel
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again had positive experiences in her college algebra course and enjoyed the algebraic concepts
once again.
Rachel loved to have materials to use in math work, particularly in her high school
algebra class, where she had ready access to resources such as graphing calculators. Rachel also
said that teacher support was a positive attribute to her mathematical experiences. Having the
support of her teachers was imperative to Rachel during K-12 mathematical experiences and
helped her maintain a positive perception of mathematics. Rachel described her positive
experiences with her teachers and the time that the teachers gave to help her understand any
particularly difficult concept. She smiled as she shared that all of her teachers had been helpful in
providing extra time and support when she did not understand a particular concept. Her high
school had an extra study time built into the schedule, and during that study time, her math
teachers served as helpful resources to answer questions and clarify concepts. Rachel regularly
utilized the extra study time to ask her math teacher questions because occasionally she had to
miss math class for extracurricular activities. She gratefully expressed how she truly appreciated
the extra time her mathematics teachers invested in helping her remain successful in her math
courses.
Despite having some positive and negative mathematical experiences, Rachel looked
forward to implementing some of her experiences in a mathematics classroom of her own. She
stated, “If I become a math teacher, I will try my best to teach them [students] why things are the
way that they are, just because I see how beneficial that could have been for me.” She
confidently shared that she also hoped to provide support for her students and create a positive
mathematical environment in her classroom despite having to teach concepts that might seem
difficult and frustrating to the students:
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I definitely do not want them [students] to be afraid of math…I would try to have a
positive outlook and especially if I started teaching fractions, let them know that it’s
okay…It’s nothing to be afraid of; they’re just like every other number…You just have to
do different things to them.
When asked if she would like to go back and change anything about her mathematical
experiences, Rachel said she would make all of her mathematical experiences as meaningful as a
recent college professor had for her. Rachel felt like she missed some concepts because her
teachers taught her systematic instructions for to how to complete a problem instead of
implementing a thorough explanation of why various concepts were possible:
If I could go back, I would learn the reasons behind…and maybe I wasn’t old enough to
comprehend maybe, some of those reasons, but being my experience I had with him
[professor in college], I would have much rather had someone sit down with me and
explain to me the logistics behind all of that [why something works].
Mati
Mati grew up in a small town and attended a smaller school district for her K-12
education. She was pursuing a degree in elementary education with a second emphasis in middle
school mathematics. Through a peer tutoring program her senior year of high school, she
developed a passion for working with kids. She decided to become an elementary teacher
because she liked all subject areas and felt that the early years were critical for kids. Mati said
that she ultimately wanted to help kids be successful. Mati completed some field experience
work last semester in a fifth-grade classroom as part of the requirements for an introductory
education course. Her smile and excited tone of voice indicated that she thoroughly enjoyed the
experience and believed she would love to teach fifth grade one day.

113


Mati’s current perception of mathematics was positive and remained constant throughout
the years. She enjoyed the challenge of her mathematics courses and liked the fact that each
mathematics course was different and non-repetitive from year to year. Mati valued the
connection she established with her teachers. She believed that the better the relationship she had
with each of her teachers, the easier it was for her to ask questions and receive help. Similar to
Renae and Rachel, Mati smiled as she described several examples of her elementary mathematics
experiences. “In elementary there were a lot of activities, and there were a lot of shapes and a lot
of hands-on stuff.” Similarly to Renae, as Mati transitioned to middle school, she described her
experiences differently by stating matter-of-factly,
You hit middle school and all that [hands-on activities] was gone. There’s a lot of, “now
we have letters in our math” and there are not as many hands-on things. Umm…So the
concepts, the style of teaching—it kind of begins to change, and now you are working out
of a textbook.
Mati reflected on her formulation of a positive mathematical perception in high school, when she
had the support of her teachers if she did not understand a particular concept. Mati found that
when her teachers allowed time in class to ask questions and complete homework, she was most
successful. She believed that middle school prepared her well for high school, and she had
supportive teachers throughout her mathematics experiences. In high school, she had a specific
teacher who allowed her class to work together and then ask for assistance, as needed, every day
for about fifteen minutes. Mati found that teaching strategy helpful because she did not have to
take much work home and struggle to understand specific concepts on her own without support.
Because Mati was a routine-oriented individual, she appreciated the fact that mathematics
classrooms were generally very structured and that a definitive answer usually appeared at the

114


end. Mati said, “To me, math is very black and white…I don’t have to always fully understand
the entire purpose of knowing this [a concept] but if I follow these steps, I can be successful at
the end…Math is very clean cut.” Mati enjoyed the systematic explanations that made
mathematics different from other subject areas. Mati explained by saying, “In math it was stepby-step…the style was just different…it was less all over and more focused on one thing.”
Looking ahead to when she will have a classroom of her own, she hoped that, despite
having some positive and negative mathematical experiences, she would make her instruction
purposeful:
I was always really good at just figuring out how it worked and just going on and
not…fully completely understanding why I needed to know this…I think just across the
board, especially probably from middle school up, I would try to attach a
purpose…because for me, I lost a lot of what I learned because I didn’t have that purpose
attached to it.
Mati smiled as she said that when she has a classroom of her own, she would work hard to fully
understand the mathematical concepts of the grade level she would be teaching in order to meet
the needs of her students. She hoped she would be able to teach each concept in several different
ways. Mati’s goal was to increase her own knowledge and understanding of math so she could
most effectively teach her students:
It is important to be black and white…So I feel that the way I view math as far as being
pretty well cut and dry and we follow these rules, we do it in this order every time would
be a big part of what would be reflected in my classroom…It was the way that worked
the best for me…Being too abstract with it was challenging to me and…unfortunately,
maybe some of my students will need it to be abstract, but just personally, that’s always
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been what’s been most natural to me in those times when I can see those definite lines
and definite boundaries.
Emma
Emma grew up in a small community. She was pursuing a degree in elementary
education with a second emphasis in early childhood education. Throughout her K-12
educational career before attending college, Emma was homeschooled. Through her homeschool
courses, she participated in online and workbook curricula. From a very young age, Emma grew
up playing school with her friends and recognized early on that she wanted to become a teacher.
She smiled as she recalled that she had fond memories of working with students in her early
years. Her mom was a teacher, so oftentimes Emma would help tutor other children. Besides
helping her mother work with other students, Emma also recalled special memories working with
her grandfather during her elementary years as well. When she was in elementary school, her
grandfather was readily available to help her with any of her math work. He would not give her
the answer when she had a question but would instead use questions that would help lead her to
understanding various problems and concepts. Emma recalled that her grandfather made her
think about each concept, and thus, she felt that she developed a deeper understanding of various
mathematical concepts and objectives as the result of his questioning strategies.
Emma had a positive perception of mathematics. When asked how she would describe
her current perception of mathematics, she was optimistic about mathematics in general
although, like Rachel, it was not her favorite subject. Emma calmly and quietly said, “I like
math, it’s not my favorite subject, but I like how it’s a process and if you follow a process you
can get the right answer.” Emma continued, “I liked it more when I was younger…and probably
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around…high school, I started to like it not as much just because it was more involved…It
wasn’t my favorite…but it never seemed impossible.”
During elementary school mathematics, like Rachel and Renae, Emma recalled positive
memories. “It was more hands-on, and the things had to do with real life…I could see where I
could use it [math]…We played math board games or had a cash register and things like that…”
Because Emma was homeschooled, I asked her to reflect on how mathematics was taught and to
share some of her experiences. Emma said that during her elementary years she had a book and
completed practice problems throughout each chapter. Her mother, who was also her
homeschool teacher, provided various manipulatives and games to help her understand and
practice specific concepts and objectives. When Emma completed the middle school grades, she
still had a few games she could play, but mainly practiced solving problems out of her book. In
high school, she had few if any games she could play and primarily worked out of her book and
took quizzes on a regular basis. Emma quietly explained that in high school she took several
math courses with other homeschooled students. She said,
I took some math classes at a co-op with other homeschoolers…and another lady taught it
[math courses] when it was higher up…It was still individual homework, but sometimes I
would work on homework with a friend…We would help explain things to each other.
Looking ahead to when she has a classroom of her own, despite having some positive and
negative mathematical experiences, Emma expected to bring some of her positive experiences
into her future classroom one day. She hoped to utilize hands-on/visual activities and motivate
her students by providing them with opportunities to play math games. Her goal was to one day
motivate her students to be excited about math. Emma timidly said, “I plan to show them how it
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[math] is fun and exciting to solve a problem like a mystery…and I hope that they will become
excited to learn about it.”
Alyssa
Alyssa began her early education at a small private school but moved to a larger school
district at the beginning of her seventh-grade year. She graduated from one of the largest high
schools in her state. Alyssa was an elementary education major with a secondary certification in
early childhood education. Alyssa knew that she wanted to become an elementary teacher when
she was in high school. After she participated in some community and school activities working
with younger students, she decided to major in education when she began college.
Alyssa’s current perception of mathematics was negative. Alyssa openly and confidently
stated in her interview, “I don’t like math, it’s hard!” During high school, she had some negative
experiences with a few of her high school teachers. Showing feelings of frustration by shaking
her head, Alyssa said, “I feel like my teachers in high school didn’t really help me understand it
the way that I wanted or the way that I needed it to understand math.” As I visited with Alyssa,
she explained that she had not always had negative feelings about mathematics and actually had
positive experiences in her younger years. In her early years, math had been her favorite subject
and she loved it. However, as she got older and the mathematical concepts became increasingly
difficult, she did not feel that she received the help she needed. Alyssa went to a private school
when she was in elementary school and moved to a public school during her middle school
years. Through the transition of moving, she became frustrated because she had large class sizes,
mathematics courses were difficult, and she felt it was impossible for her teachers to have time to
give her the help she needed.
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Thinking about her initial experiences, Alyssa said she believed she was a visual learner
and had the optimal learning experience when she saw posters or pictures as she was learning a
new concept. Alyssa enjoyed having posters with pictures and graphs available so that she could
refer to specific concepts. She also recalled her elementary teacher’s special mathematical
magnets for board work and in middle school having graphing posters available for reference.
Alyssa found that objects, pictures, and graphics helped her visualize concepts better. Alyssa also
recalled several other specific memories from her elementary years:
When I was in elementary school, she [the teacher] did the problems on the board. She
made scenarios like if there’s five cows and three of them went to this side then how
many do you have left?...two…okay…well, that’s subtraction…We [Alyssa and her
class] had a race with the mad math in like a minute, and I won! It was to see who could
get the most problems done. I was really excited!
Alyssa sighed and quickly recalled that it was the middle school years where she
recognized that math had become harder. She said, “Letters started being thrown into it and I was
like ‘Oh, no!’” As the concepts became increasingly difficult and complex, Alyssa stated, “it just
got harder, and I just didn’t like it.” As the result of the increasing level of difficulty, Alyssa’s
perception of mathematics turned negative. Despite the engaging learning environment described
during her early mathematical experiences, like other participants, Alyssa shared that the
learning strategies utilized during her high school years were different. She reflected on the
teaching style during her high school years as less interactive, and instruction was done on the
board. Alyssa recalled, “That’s where I struggled the most was in high school math.” Alyssa
shared that her most frustrating mathematical experiences were when teachers moved too quickly
through the material. At the high school level, Alyssa recalled, “I don’t like how teachers just fly
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through problems, like ‘Okay this, blah blah blah…okay.’ I am just like, ‘Wait, slow down! Slow
down!’ They [teachers] move too fast for me.”
Looking ahead to when she has a classroom of her own, despite having both positive and
negative mathematical experiences Alyssa hoped to try to understand various concepts and
objectives. She confidently and quickly stated, “Things I don’t understand, I will try to
understand them or find someone that will help me understand them in a way that I can
understand things.” Alyssa hoped to carry that same mentality over into her future classroom one
day. She self-assuredly said in her interview, “I hope that if they [future students] don’t
understand they will ask me multiple times. I will find multiple ways to explain it [mathematical
concepts] to them until they do understand because I know it is hard and difficult.”
Annie
Growing up in a small community for her K-12 education, Annie was homeschooled
every year except kindergarten through half of second grade and fifth grade through half of
seventh grade. Annie was an elementary major and planned to minor in early childhood
education so that she could teach kindergarten one day. She loved working with kids and had
done so for some years through various Sunday school and Vacation Bible School (VBS)
activities. She enjoyed watching kids learn new things and make progress with new concepts.
Teaching had always been at the back of Annie’s mind as a future profession, but as she
continued to work with kids, she realized she wanted to make those thoughts a reality.
Annie had a negative perception of mathematics. As she reflected on her current
mathematical perceptions, she expressed openly that like Renae, Rachel, Alyssa, and Emma, she
did not ever really love math throughout all of her experiences in school. Giggling as she
explained it, Annie hoped that she could just be finished with math because it had never been her
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favorite subject. She sighed and shook her head, recalling difficulties in various courses
depending on the type of mathematical concept she was working on at the time. She repeated
several times that she had just never really loved math.
Annie’s experiences included limited elementary and middle school memories. As she
transitioned from lower level mathematics to higher level mathematics in high school, she started
disliking the subject more than ever before. In elementary mathematics, she felt that there was a
certain degree of difficulty but nothing too overwhelming. However, she openly shared that
when she got into high school courses such as algebra, mathematics became harder than any
other subject for her. Annie giggled while explaining that she would get frustrated easily if she
did not understand something. She said that occasionally it took her a long time to understand
various concepts. When she was unable to understand something quickly, frustration would
develop rapidly, and she would hate whatever she was trying to understand. Her algebra and
geometry courses often frustrated her in this way.
As a homeschool student, Annie recalled that she participated in several different
curricula. She matter-of-factly said, “I have done several different curriculums, and the most
frustration I had was because of the curriculum. It just did not explain it [math] well. However, I
have also had curriculums that explained it really well.” Annie found out that she did best with
curricula that she could complete at her own pace, rather than curricula with pre-determined due
dates. She lightheartedly and confidently explained in her interview that she did best when she
was a homeschool student and could work through the curriculum at her own pace. Without any
hesitation, Annie recalled using a program one year that did not allow her to work through on her
own schedule, and she had certain due dates, which she found frustrating. She later switched to
an independent curriculum and found that self-pacing allowed her to learn the material at a
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deeper level before moving on to the next concept. Most of her curricula were set up where she
would have a mathematics textbook, complete practice problems, and then take an assessment.
Her most successful program had videos that corresponded with each lesson and thoroughly
explained each problem so she could easily understand. Annie found that when she was able to
watch a practice problem visually, she felt like she had a better understanding of the overall
concept. As the result of her mathematical experiences and frustrations, Annie reluctantly stated
that she wished she would have found that particular curriculum sooner and saved herself some
unnecessary confusion and frustration.
Looking ahead to a future classroom of her own, Annie saw herself integrating some of
her personal experiences into her classroom. As she thoughtfully considered how her
mathematical perceptions would be reflected in her classroom one day, she wanted to include
visual and hands-on opportunities. Annie confidently stated in her interview, “I will probably use
a lot of visual techniques and hands-on activities…just because I know that’s how I learn…and I
know a lot of people learn that way, and it’s very helpful to have that.” Annie recalled a time her
father had used apples as an example for her when she was having difficulty with an algebraic
concept. When she had a visual object to connect with the concept, she developed a deeper
understanding. Annie giggled as she said, “My dad used apples as an example, and that
completely shifted everything… I had been so confused but once I was able to see it, it changed
it all.”
Audrey
Audrey graduated as valedictorian of a private high school located in a large city. She
was beginning her college career as an elementary education major with a minor in English
language arts. Audrey excitedly expressed her passion for working with young children, and that
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was the main reason she was pursuing a degree in elementary education. She had many positive
elementary school memories, and she exuberantly shared that her favorite years in school were
those elementary years. Audrey enthusiastically embraced the fact that an elementary teacher
was with children all day and had the opportunity to know them well and be a positive influence.
She cheerfully expressed her passion for having the opportunity to play such a significant role in
the life of a child.
Audrey had a very positive perception of mathematics. She said that she had always liked
math and appreciated how there was a process to work out mathematical concepts. Audrey felt
confident with mathematics when she thoroughly understood the concept or objective. Her
confidence diminished, however, when she became confused and did not understand a certain
concept. She dramatically described how mathematics occasionally made her nervous because
when she did not understand a problem, she felt inadequate and struggled with admitting she did
not understand something.
Similar to Mati, Audrey indicated that she always remembered enjoying math. She
confidently stated in her interview, “I used to think I wanted to be a math scholar. My friends
and I loved it so much that we were like ‘We are going to grow up and be
mathematicians’…umm…that’s definitely not the case now!” Audrey said that she felt like she
always had good mathematics experiences. She could not remember many specific mathematical
experiences during her elementary years, but she recalled a specific learning strategy of one
teacher using the chalkboard to demonstrate various mathematical concepts to the class.
Although she did not reflect on specific memories from elementary school, Audrey was very
optimistic about her younger years and had a positive perception of her experiences.
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In middle school, Audrey encountered some negative mathematical experiences. During
her seventh-grade year, she did not have a certified mathematics teacher but instead a history
teacher who had to teach a section of mathematics. Shaking her head in disgust during her
interview, Audrey recalled her experience by sharing her memories of this teacher. The learning
structures the teacher implemented frustrated Audrey because he graded homework based solely
on whether or not she answered each question correctly. She also did not appreciate his methods
of teaching out of the book and not explaining many concepts and processes on the board. In
eighth grade, Audrey had a teacher whose specialty was mathematics, and that experience was
better than her seventh-grade year. “In eighth grade I got an actual math teacher. She was one
that really appealed to the smart kids. I was valedictorian of my high school, so I think that I was
kind of up there.”
In her high school mathematics courses, she loved algebra and connected well with
solving equations and working problems out herself. Audrey’s biggest mathematical frustration
was the year she took geometry. Dramatically shaking her head and frowning, Audrey recalled
her geometry experience:
I hated geometry! Geometry made me want to throw up! Every time I went into
geometry, I was like “I can’t!” It just made me nervous…umm…because I had to work
really hard at geometry, and I never had to work really hard at a subject before…I just
didn’t get it…My best friend got it really well, so she helped me and we did stuff
together, but it made me really nervous.
Audrey openly and confidently communicated that she appreciated an atmosphere that
promoted mathematical confidence and appreciated a learning environment where the teacher
provided guided support. She willingly expressed that she valued a mathematical learning

124


situation that was welcoming because the person did not have to feel like he or she had to
understand every concept all the time. She openly shared that she often felt like she was stupid if
she did not understand a particular concept, but smart if she did understand. Audrey felt as if she
often comprehended complicated concepts well, but concepts that should be easier were often
difficult for her to understand.
I could get a really complicated concept, but sometimes the really easy stuff just doesn’t
click with me…and it’s the way people’s brain works. I know normally if you love
algebra, you hate geometry, or like geometry and you hate algebra—well you could be
really good at geometry and really bad at algebra, but that doesn’t mean you are smart or
stupid. Everyone is smart in their own way; it’s just the way that their brain works…so, I
really like that in a classroom—that’s what I had with my last math teacher. If you don’t
get it, that’s okay, we are going to work through it and even though you might not need
it, we’re going to do it and you are going to understand it by the time that we’re done.
Looking ahead to when she has a classroom of her own, despite having some positive and
negative mathematical experiences, Audrey had goals for her future classroom. When Audrey
gets a classroom of her own, she hoped to carry some of her positive mathematical experiences
with her and motivate her students to become excited about math. She energetically recalled her
elementary mathematics experiences as exciting and engaging because of the different games
and activities. Audrey matter-of-factly expressed that she felt others developed a negative
perception of mathematics in high school because the teachers were not excited about their
subject areas. Because she thought teachers were not excited about what they taught in high
school, she thought that factor contributed to why kids were often not motivated to learn higher
level mathematics:
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Even, even though you are older, kids still want to do fun games and fun activities. As
long as you are still teaching them the material, I feel like you should incorporate more of
that. That is what I loved from elementary school, was the games and all of the fun stuff
that we did with it. Once you get to high school you don’t do that anymore…umm…so
not saying go outside and play outside but maybe like a couple of math games that you
have that are fun but you’re still teaching students.
Audrey understood the power of math games and planned to use games to reinforce various
mathematical objectives and concepts. Audrey also wanted to give her students the confidence to
ask questions and know that it was okay if various concepts seemed confusing. She
enthusiastically and confidently said, “I’m not afraid to teach kids that it’s okay not to get it all
the time…I want to tell students even if they hate math; that doesn’t mean that you’re bad at it.”
Kayla
Kayla grew up in a rural community and graduated from a small high school. She was
going to major in elementary education with a middle school certification in English language
arts. She had not always wanted to become a teacher, but an English teacher in middle school
inspired her to pursue education as a career. Kayla enjoyed being around kids and helping them
learn.
Kayla had a positive perception of mathematics. She, like other participants, recalled
having positive mathematical experiences during her elementary years, but she struggled with
math during middle school and early high school. Kayla talked very quickly, saying, “Yeah I
liked it in elementary. I liked the flash cards but…umm…in middle school, I didn’t really like
it…umm...I kind of fell off the grid in middle school to early high school.” Kayla’s freshman and
sophomore years were not positive. She briefly shared that she did not like math as a freshman
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and sophomore because she did not really try to understand the material. She liked to get good
grades but seldom put in extra effort; if good grades happened, she was happy, but not
disappointed to occasionally earn a lower grade than she expected. In high school, she took an
online math course, and her mentality changed. She worked very hard throughout the college
course because she knew she was trying to earn college credit. Once Kayla began putting
additional effort into her learning, she developed a better understanding of math, and ultimately
established a greater appreciation for math as a whole.
The college course Kayla took was an algebra course online. Kayla stated that the
presentation of course content occurred through videos, and that method of delivery proved
effective for her. The professor in the online course provided a PowerPoint presentation for the
students to go through as he would present each lesson. Students were able to print off the
PowerPoint slides and work through the problems on the slides as he verbally presented the
material for the course. Kayla found this to be a motivating and helpful learning strategy for her
because she would copy what he wrote and carefully work through each problem. She said that
because she understood concepts better through the video sessions, her feelings about math
began to change as well.
I got the information a lot better, I guess…I can understand it a lot better…I don’t really
know what changed…I really can’t, you know, answer that one, but I just…something…I
mean, I don’t know…something changed…so then I…umm…then my feelings changed.
As Kayla reflected on her previous mathematical experiences, especially ones in her
freshman and sophomore years, she wished she could have made some changes, going back in
time. She briefly expressed regret at slacking off as much as she had. Kayla also realized that
asking for help would have been an option instead of just giving up when concepts were hard or
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confusing. She wished that she had pushed herself instead of just giving up when she did not
understand something:
I always thought well, “I can slip by with an A, B or something like that or maybe a C, or
something like that”…that’s not bad you know…but if I didn’t get it, then I didn’t really
dig deep…I didn’t really care then..
Looking ahead to when she would have a classroom of her own, Kayla has used her K-12
mathematical experiences to help her see what she would like to make sure to implement in her
classroom one day. Because Kayla was passionate about helping struggling students become
successful, she stated that she did not want to leave her future students behind when concepts
were confusing or seemed impossible to master.
I would want everyone in my classroom to like math, you know…I want everybody to
get it, to understand it…umm…I would hope that that would be reflected by me—pulling
kids aside that can’t understand and helping them through problems…never moving on
until I have the whole class at least passing a test or passing homework and stuff like
that…and never leaving someone behind.
Kayla believed that many of the kids feel pressured to keep moving on to other concepts even if
they are not mastering a previous concept. She said in her interview, “I really don’t like that
there is so much pressure put on curriculum…If I have a student that’s not getting it, I’m not
going to push him to the next concept if he failed the test.” Kayla went on to say,
I would never want to see a kid not try or not want to do something just because he or she
didn’t get it…I would want to help them in any way I could and if I couldn’t, get
someone else to.
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Therese
Therese attended a small school district for most of her educational experiences but
moved to a large school district in her junior year of high school. She was an elementary major
with a second emphasis in middle school science. Growing up in a family of teachers, Therese
did not plan to become a teacher herself. After years of indecision regarding a future career, she
finally decided to pursue the education profession. Therese expressed that she thoroughly
enjoyed elementary children because they are eager and excited to learn.
Therese openly admitted that she did not have a very positive perception of mathematics.
Through several negative mathematical experiences, her positive perception continued to
dwindle over time during her K-12 years. Therese smiled as she recalled having very positive
perceptions of mathematics in her early years of school. She had enjoyed school and felt like she
was good at math. Therese did not have to work hard at math when she was younger and thought
that she had good teachers who were able to explain concepts well through engaging and fun
activities. She also recalled having what she considered to be good mathematics teachers in
middle school, but when she began high school, her mathematics experiences declined.
As Therese progressed throughout each grade level, she noted that the degree of difficulty
for mathematics increased as well. She reflected that as the mathematical concepts became
difficult, she fell behind the others in her class. As those concepts became increasingly
challenging, she thought her teachers did not explain the processes thoroughly enough to meet
her needs. As a result, she fell futher behind in her overall understanding of varous mathematical
concepts and objectives:
As it got harder, I had teachers who just couldn’t break it down for me as much as I
needed. I just got lost along the way…like…some people kept running with it…and
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really enjoyed it and excelled. I just kind of got stuck in a place where I just was like, “I
don’t even like it because I can’t get it.”….like…I don’t have anybody to just get on my
level or understand how I’m feeling.
Therese discussed how the teaching styles changed as she moved through the grades and
the mathematical experiences. Similarly to the other study participants, Therese recalled that
during her elementary years the frequency of activities and learning opportunities increased.
When she was in elementary school, she recalled participating in interactive activities and
completing very few worksheets. She remembered some worksheets occasionally in her younger
years but vividly remembered particular activities. She specifically recalled banana split parties
that were an incentive to learn multiplication facts. As Therese reflected on her middle school
years, she briefly paused before mentioning regularly working problems on the board in front of
the class. Hesitantly, she indicated that she enjoyed completing board problems only when she
was confident and understood the concept.
Therese frowned as she shared that in high school she felt math instruction to be very
independent--she had to take notes and teach herself various mathematical concepts. Therese
further reflected on her high school experiences by frowning and shaking her head as she
admitted having a rough time overall in her math courses. She gave the example of her Algebra
II experience with a first-year teacher who was unable to control the classroom. The teacher
would regularly give up during a lesson and just sit at her desk because she was frustrated with
the class. During high school, Therese moved to a larger school district and was able to have
better teachers, but because she was so far behind from her previous school, she felt lost and
confused. She said, “I was just lost…but…umm…I am not bad at math by any means…but I just
have to take a lot of time on it…and…it’s just not my favorite.”
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Therese expressed her thoughts by confidently sharing how she thought high school
mathematics should model some of the elementary teaching strategies and be proactive with the
integration of interactive activities to help students better understand various concepts. Therese
openly shared that her high school mathematics experiences were not interactive and her teachers
did not make her learning experiences enjoyable. She asserted that the teachers did not
thoroughly explain concepts and teach to her needed level, and this proved to be frustrating to
her. Despite her frustrations, however, Therese demonstrated her drive and determination to
overcome her negative mathematics experiences. In high school, she enrolled as a peer tutor
student for an Algebra II teacher so that she could sit in the back of the room and listen to the
teacher’s lessons to understand concepts she felt she had missed at her other school. Therese
laughed as she said, “Instead of being in A+ [peer tutoring program] and doing what A+’s should
do, like walk around and help, I was learning. I would sit in the back, and I would take notes, just
so I could get into college algebra!”
Looking ahead to having a classroom of her own, despite all of her efforts to persevere
through some negative mathematical experiences, Therese was still hesitant at the thought of
teaching mathematics one day. She willingly shared that she was the type of person who was
afraid to fail and for that reason did not want to teach math because she did not want to let her
future students down:
I wouldn’t want to be the person who ruins their math experience, as people did for me! I
feel like if I got to that point, where I was confident in my abilities then I would [want to
teach mathematics].
Therese enthusiastically shared that in a future classroom of her own, she hoped to help her
students develop confidence in teaching mathematics. Therese’s goal for her own class was to
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break concepts down and make sure her students truly understand various concepts. She eagerly
said, “So I just really want to make sure people understand it and spend a long time with
things…umm…cause I would hate to ruin it for somebody…like it was ruined for me.”
Piper
Piper was the only participant who graduated from a school located in a state different
from the other participants in the study. She graduated from one of the largest high schools in a
neighboring state. She planned to major in elementary education but still had to decide whether
she would pursue a minor in early childhood or middle school certification. Piper chose to pursue
a career in elementary education because she loved working with kids and wished to influence
them. She shared that she wanted to become an elementary teacher so that she could influence
her future students in the same manner that her elementary teachers had left an impression on her
life.
Piper had a very negative perception of mathematics. She had had some very positive
mathematical experiences growing up, but like Renae and Alyssa, did not have a positive
perception of mathematics as a college student. Piper passionately and confidently expressed her
feelings about mathematics in her interview: “Right now I strongly don’t like it! It’s really
difficult for me. I’m not very fond [of math].”
Her perception of mathematics had not always been negative. As she reflected on her
elementary years, Piper smiled as she remembered that time as an excellent part of her
experiences as a child. She recalled very positive memories of elementary school. Piper still
remembered the names of each of her teachers and their instructional methods. She stated in her
interview, “I want to be an influence on kids like that [how her teachers influenced her].”
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Piper did not mind mathematics in elementary and middle school, but once she started
high school mathematics courses, she became very reluctant to do mathematics. Piper openly
stated, “I didn’t mind it at all in elementary and middle school…and then high school started and
I started thoroughly disliking any time with mathematics.” She felt like she did not receive the
support she needed to attain success. Piper assertively shared in her interview that she did not
feel that some of her teachers put forth an appropriate level of effort to help their students
understand mathematical content. Although her mathematics teachers did their job and gave out
work, she suggested that she needed additional effort and support from them to be successful.
Piper willingly expressed that when she became frustrated with a concept or task, she would
withdraw from the task. She laughed as she said, “When it [math] gets harder, I get more
frustrated…I don’t find it fun…I don’t find it interesting—partially because I feel like if the
teacher kind of gives up, then I kind of give up."
Piper, like the other participants, felt that her mathematical experiences varied
significantly through elementary, middle school, and high school programs. Piper smiled as she
shared that her elementary experiences included very thorough instruction and that concepts
were broken down to the point that everyone was eventually able to understand them. “If one kid
didn’t get it…it was like . . . ‘Okay, we are going to keep doing it until everyone gets it.’” She
recalled that her middle school experiences were similar to her elementary experiences because
the teacher worked hard to make sure each student understood each concept although the content
became more difficult. As Piper transitioned to high school, she felt like each concept built upon
the other and it was easy to fall behind if she did not master previous concepts. Piper said, “In
high school…if you didn’t get the math like…umm…if you didn’t get one level, it was
impossible to get to the next….It all kind of builds on each other.” As Piper got older and
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progressed through each grade level, she liked a challenge but had little appreciation for the
stressful mathematical environment. Piper self-assuredly stated, “The stress if you don’t get it!
It’s like you need to get it, and I’m like, ‘I don’t!’…like ‘I need help!’…so…I mean I like the
challenge, but I don’t like the atmosphere I guess.”
Looking ahead to when she has a classroom of her own, Piper enthusiastically reflected
on how she planned to use some of her personal mathematical experiences in her own classroom
to help her students. Piper hoped that when she became a teacher with her own students, she
would remember her positive mathematical experiences and that they would help her to
overcome those experiences that had negatively affected her mathematical confidence. She
recognized that she would have to look at math differently and simplify her thinking. Piper selfassuredly said, “I need to break it [mathematical concept/objective] down and make it simpler
instead of thinking ‘It’s such a big problem!’ I guess then it’s me overcoming it [mathematical
concept/objective] than it overcoming me.” Piper also confidently shared that she was going to
work hard to forget her negative mathematical memories by concentrating on what made her
experiences positive. She hoped she would be able to implement her positive experiences with
her students and provide extra support to any struggling students. Piper willingly stated, “I want
to just try to enforce the positive stuff that I remember. The kids I kind of saw myself in, I would
like to make sure that they are getting the extra help they need.”
Results
Through the generous participation of 10 pre-service elementary school teachers who had
not yet completed any mathematics methods courses, I thoroughly examined each participant’s
perception of mathematics through her completion of an individual interview session, a focus
group meeting, and a visual representation activity. I began my analysis by first transcribing each

134


of the individual interview sessions and the two focus group meetings. I first assigned each
person a number so that I could code individual responses. By repeatedly reading, carefully
reviewing, and meticulously studying the individual interview transcripts, focus group
transcripts, and visual representation activities, I worked through each section of transcribed
information. I repeatedly searched for similarities between pieces of data. As I found similarities
that emerged from the transcribed data, I established common categories. During my first time
sorting through the data, I did this by hand. But I wanted to make sure I fully analyzed my data
and accurately coded, categorized, and classified all of it, so I used the qualitative analysis
software program ATLAS.ti, seventh edition (Friese, 2014; Saldana, 2009). Using that software
program, I cleanly sorted through each piece of data, identified similarities and differences, and
clearly organized each of my codes that I had established from the data.
Through the careful analysis of the data, I captured the essence of the experience of the
participants (Moustakas, 1994; van Manen, 1990, 2014). By using the framework of
hermeneutical phenomenological analysis as a guide, I coded and categorized all of the data from
the lived experiences of each of the participants (Friese, 2014; Saldana, 2009). Initially, during
my first round of coding, I collectively established 57 words and phrases/codes as I went through
and sorted each data collection structure, including the individual interview sessions, focus group
meeting, and visual representation activity. I generated those 57 words and phrases/codes from
the exact words and examples given during each of the data collection methods used throughout
the study. I began with the data collected from the individual interviews and analyzed each piece
of data by finding any commonalities between every given response and example and established
new codes for data that did not match any previously established codes. I continued this process
with every piece of data collected from each of the activities.
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Throughout the process of analyzing each piece of data, often I would find that the data
from one participant, which did not meet a pre-established code created from a previous
participant, would eventually match a code from another participant as the process continued.
After initially sorting all of the data and coming up with the 57 words and phrases/codes, I reexamined each of the phrases/codes I had established. As I methodically went back through each
of them, I combined some data structures that were similar. During this process, I reworked some
of my initial organization for the data because some of the classifications were comparable. I
managed to narrow the number of words and phrases to 43 codes.
Because I noticed throughout the process that various data were similar, I went back
through again and examined each of the 43 words and phrases. As I examined the data, I found
that the data could be grouped further into comparable categories. I could classify 37 of the
codes as factors that either positively or negatively influenced the mathematical perceptions of
the pre-service elementary teacher participants. Because the two factors/themes of positive or
negative influence still encompassed 37 codes, I then looked for ways in which the data could be
grouped even more specifically. As I continued to study the data, I divided each of the two
themes into three subthemes. The three subthemes from the factors that positively influenced the
mathematical perceptions of the pre-service teachers included effective hands-on/visual
activities, teacher support, and thorough explanation of why various mathematical concepts
work. The three subthemes from the factors that negatively influenced the mathematical
perceptions of the pre-service teachers included ineffective teacher instruction, the progression of
mathematical concepts leading to frustration, and feelings of intimidation over asking questions
to clarify concepts and attending help sessions.
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The remaining six codes that I had established (43 – 37 = 6) did not fit into the two
themes of factors that positively or negatively influenced the mathematical perceptions of the
participants, but gave context for why the participants wanted to become teachers, how
experiences would be evident in their future classrooms, and how they believed their perceptions
would change after completing mathematics methods courses (see Table 3). It was through these
remaining six codes that a third theme, attitudes generated toward mathematics as a result of
experiences, emerged. Through the analysis process, as I sorted through each piece of data and
found factors that positively and negatively influenced the mathematical perceptions of the preservice teachers, I also discovered that specific feelings corresponded to each specific perception.
Table 3
Record of Coded Information
______________________________________________________________________________
Coded Categories
Record of Occurrence
Subthemes
______________________________________________________________________________
Interactive Learning Experiences

43

Positive Memories

23

Sundae Parties

16

Hands-on Learning Experiences

14

Group Work

6

Positive Learning Experiences

6

Effective Hands-on Activities

Resources
2
______________________________________________________________________________
Effective Teacher

39

Teacher Support

30

Teacher Support at High/Middle School

16

Teacher Support
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Connections With the Teacher

13

Positive Homework Experiences

12

Positive High School Math Experiences

9

Positive Online Mathematics Experience

8

Positive Middle School Experiences
5
______________________________________________________________________________
Will Teach Why Concepts Are Possible

12

Thorough Explanation of

College Professor Changes Perception

10

Why Various Mathematical

Taught Why Math Concepts Are Possible

9

Concepts Work

Mathematical Understanding

2

Purposeful
1
______________________________________________________________________________
Lack of Teacher Support/Teacher

57

Ineffective Teacher

Ineffective Learning Experiences

19

Instruction/Effectiveness

Negative Middle School Experiences

11

Textbooks

9

Did Not Appreciate Math Experience

7

Negative Elementary School Memories

2

Non-interactive Learning Environments

1

Negative Online Mathematics Course

1

Experiences
_________________________________________________________________________
Level of Difficulty Increases Each Grade

33

Progress of Mathematical

Geometry

14

Concepts Leads to
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Do Not Understand Concepts

10

Frustration

Variables in Math
4
_____________________________________________________________________________
Negative Perceptions: Frustration From

29

Feelings of Intimidation to

Uncomfortable Asking Questions

9

Ask Questions to Clarify

Negative Homework Experiences

8

Concepts and Attend Help

Do Differently: Seek Further Help From

7

Sessions

the Teacher
Do Differently : Ask Questions
6
______________________________________________________________________________
Use Personal Experiences in Own

30

Classroom One Day

Factors That Did Not
Positively or Negatively

Reasons for Becoming a Teacher

25

Affect Mathematical

Future Perceptions Changing

8

Perceptions

Certification

7

Homeschooled

5

Goals for Future Classroom

3

_____________________________________________________________________________________________

Theme 1: Factors that Positively Influenced Mathematical Perceptions
As I completed each individual interview session, conducted two focus group meetings,
and administered every visualization activity, I found that participants expressed several
commonalities that positively influenced their own perceived self-efficacies and teacherefficacies on mathematics. As each individual shared personal examples, I discovered that every
participant specifically described situations that positively influenced her mathematical
experiences and left an impression on her perceived self-efficacy in some way. Through each
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activity, the data from every participant described elements and activities that each individual
would want to one day integrate and implement into her own classroom. As I further analyzed
every interview, focus group meeting, and visual representation activity, all 10 participants
described at least one positive mathematical experience from elementary school. The data
consistently illuminated that elementary years were most memorable and had the most
meaningful learning experiences because of the hands-on/visual activities. A commonality across
the board was that all 10 participants mentioned memories and hands-on/visual activities from
elementary school that they hoped to bring into classrooms of their own. Collectively among
each of the 10 participants, they mentioned various hands-on/visual activities 110 times.
Another element that became evident as positively influencing the mathematical
perceptions of the pre-service teacher participants was teacher support. Altogether, participants
mentioned teacher support 132 times. Seven of my participants specifically experienced positive
mathematical perceptions and higher self-efficacy when they had a teacher provide guided
support with opportunities to reteach any mathematical concept that was hard to grasp or
understand. Teacher support included several components, such as overall connections with the
teacher, extra help with homework and difficult concepts, and effective strategies implemented
to enhance positive learning experiences. Participants referred to how they would like to make
sure they implement supportive practices in classrooms of their own.
Finally, the third factor I identified that positively influenced the mathematical
perceptions of the participants was teachers thoroughly explaining mathematical concepts. Eight
participants individually mentioned how they positively perceived mathematics when their
teachers gave a thorough explanation of why various mathematical concepts work. Participants
referred to thorough explanations such as making concepts purposeful and aiding in overall
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mathematical understanding 34 times and specifically mentioned that thoroughly explaining
mathematical concepts is something they want to practice in their own classrooms someday (see
Figure 1).

Teacher Support
Thorough
Explanation of
Why Various
Mathematical
Concepts Work

Effective HandsOn/Visual
Activities
Factors
Participants
Want to Provide
in Their Future
Classrooms

Figure 1. Factors participants want to provide in their future classrooms.
Effective Hands-on/Visual Activities
As all of the participants shared their experiences, it was evident that all of them
remembered taking part in effective hands-on individual or group activities from elementary or
middle school experiences that helped them better understand various mathematical concepts and
promote their sense of perceived self-efficacy in mathematics. Collectively, participants
referenced practical activities and learning experiences 110 times. All of the 10 participants
recalled specific activities or teaching strategies that they remembered helping to motivate and
support them in learning distinct concepts.
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As the participants reflected on their mathematical experiences, every individual recalled
specific activities that helped her to remember principle concepts such as addition, subtraction,
and multiplication and to develop a higher sense of perceived self-efficacy in mathematics. It
was fascinating to see that three of the participants, Mati, Rachel, and Therese, reflected 16 times
about an ice cream sundae/banana split project they used in their third-grade classrooms to
enforce mastery of multiplication facts. Therese stated, “Having banana split parties and things
like that are just very interactive…hands-on, you’re doing it yourself…You keep that [memory
from elementary school] with you forever, and it’s so fun.” Mati was positively motivated by the
ice cream activity in which she worked hard to learn her multiplication facts:
I would say a positive experience that I remember is that in third grade we had
multiplication…we had banana split multiplication, and you started with your banana and
you got your ice cream for each times table you memorized…and it was just really fun to
daily grow and at the end you know…It was really fun and rewarding to get to see. So I
got my bananas, and I got my ice cream, and now I got my whip cream, and now I got
my cherry…like I’m already up to twelve, and I got my cherry on top. That was a really
positive experience, just to see how, ‘Oh man, I’m really getting good at this—I’m in the
elevens!’ It was just positive, but there was no punishment for not getting there. You
know if you didn’t do well today, it wasn’t the end of the world, we will take fours again
tomorrow, or we will take fives again tomorrow.
Mati remembered appreciating the fact that students had plenty of opportunities to pass their
multiplication facts and build their sundaes throughout the year. She said, “We moved
individually which helped a lot because there was no pressure for that.”
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Other participants, including Renae and Rachel, recalled different activities from
elementary school, such as races, games, and cooperative learning groups. Renae, although she
did not always remember having a positive perception of mathematics, recalled participating in
several activities during elementary school:
I always remember in elementary we would have like little white boards or chalk boards
that as a group our teacher would ask us questions, and we would write it down and hold
up our answers. So I remember a lot of group learning, and we got into groups and had
those little boards with the beads on them and whatever and we would move them out to
multiplying and stuff like that, so it was a lot of like hands-on learning.
Renae reflected further on her experiences with competitive board races that she felt were helpful
learning strategies for her. Renae stated in her interview, “We [her and her class] always had
games where you would race up to the board, and the teacher would ask you a question and we
would write the answer and then sit back down. I remember winning for my team because I got
an answer right.” Rachel shared a similar learning experience with her fifth-grade teacher that
she recollected was a good learning structure for her as she memorized her multiplication tables.
Rachel said,
I can remember doing multiplication tables, and my fifth-grade teacher would give us
races. We started doing races I guess to see who could get a certain a number of
multiplication problems done. So I remember that being a method of memorization,
trying to memorize…ummm….you know your multiplication tables.
Audrey, Kayla, Alyssa, and Emma also described their elementary mathematics experiences as
being positive because of the games and learning activities in which they were able to engage.
Audrey described how she felt games helped her to have positive mathematical experiences. She
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said, “You tend to remember games…I remember all of the games I’ve played as a kid…I feel
like that’s a way [playing games] in tricking them [students] into doing math without them
realizing that they are actually doing the math.” Audrey illustrated in her visual representation
activity (see Figure 2) a student with a smiley face up at the board completing problems by using
numbers and a picture with the caption, “Math is easy & fun!” Another participant, Kayla,
referred directly to how using tangible items helped with her learning. In her visual
representation activity (see Figure 3), Kayla said, “This drawing shows that I thought math was
easy and fun when the teacher had flashcards.”

Figure 2. Audrey’s early perception of mathematics.
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Figure 3. Kayla’s early perception of mathematics.
Alyssa also described a particular learning activity that was enjoyable and that helped her
quickly process many math problems. Alyssa recalled, “I remember in middle school we had
those hundred problems [Mad Minute] worksheets, and then you had to do those and like five
minutes or like two minutes—those were fun…those were my favorite.” Finally, Emma shared
her memories of games that helped her learn during her elementary years as well:
It [math] was just more interesting…there was just more aspects than just doing the
lessons and then doing the questions…like a lot of games that we played, math board
games or…umm…or like a cash register and things like that…It was just more
interesting how it was presented.
Other participants recalled completing specific learning activities and having different
instructional strategies in place that helped them understand various mathematical concepts.
Annie, who said she was a visual learner, found it helpful when the teacher used specific objects
to teach various concepts. Rachel appreciated that in several of her higher level mathematics
courses, her teachers provided resources such as graphing calculators and computer learning
activities to enhance instruction and help reinforce various mathematical concepts. Rachel stated,
“Well I appreciated in algebra having graphing calculators handy because I know that they are
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very expensive and not everyone can have one. I did have my own personal one, but I knew that
if I forgot mine, we had them to use.” Rachel also recalled a computer program that she thought
was a very beneficial supplemental tool for geometry:
So one week throughout the year we went to the computer lab and ummm…had lessons
on geo-algebra, and that was a geometry thing but it was cool because the graphs were
online and you could draw your shapes, and it would calculate things for you, and that
was interesting for me. I thought it was a nice tool to have...instead of on the board or you
know on your paper.
Mati and Kayla remembered doing math problems using unique techniques. Mati stated,
Well in elementary, we did a lot of activities, and we had everyday math books where
you had math boxes, and we did math boxes a lot. I remember input and output boxes
where you put in this, and you add five what happens? I remember I really liked those, I
thought that they were fun.
Kayla recalled that she found resources such as flashcards and songs were helpful to her. “In
elementary school…definitely like flash cards….ummm…songs, all that kind of stuff…you
know…like acronyms and all of that.” Finally, Rachel recalled having positive mathematical
experiences when she participated in group projects. She said, “I love group projects! I just enjoy
them! I think that they are fun to do.” The only memory from middle school that actually stuck
out to Rachel was a group project that she completed in seventh grade. Rachel said,
Middle school, what did we learn? I really don’t remember middle school math very
much. Let’s see…I was in seventh grade. I remember we did a project, some kind of
project for math. I really feel like it was a graph, like a graphing project we could pair up
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with someone, and we just had to graph. We just had to learn about graphing and things
like that. I just remember doing that, and that’s all I remember doing from middle school.
As the data represented a variety of learning examples and activities, it became apparent
that hands-on/visual activities were learning situations that the participants remembered. As the
majority of the hands-on/visual activities that participants mentioned were during elementary
mathematics experiences, the data demonstrated that elementary students often associate positive
mathematical experiences with activities and resources. Racing to answer math questions quickly
to win board races motivated Renae, working with her dad using manipulatives encouraged
Annie, and associating songs with particular concepts inspired Kayla to keep learning
mathematical concepts. The other seven participants shared other examples of how they became
inspired to learn math during their early years. Doing activities, using resources, and having
incentives are examples that contributed to positive mathematical perceptions among each of the
participants.
Teacher Support
As each of the participants shared their experiences, the theme of teacher support was
also a commonality among the participants. Seven of the 10 participants collectively mentioned
teacher support over 132 times. Having a supportive teacher or educator significantly affected
the mathematical perceptions of the pre-service elementary teachers at the elementary, middle
school, and high school levels. The participants collectively described examples of teachers who
exemplified the ideal of a supportive teacher by taking the time to go beyond general classroom
instruction. Participants indicated that ultimately a teacher had the potential to influence lives to
the point of even influencing students to change from strongly hating mathematics to wanting to
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pursue a degree in elementary education where they would be teaching mathematics as a career
and using some previously learned teaching styles and strategies.
Audrey had an effective math teacher in her junior year and would eventually like to
implement some of the teacher’s strategies in her classroom one day. Audrey said,
My junior year, I got a different math teacher…umm…and she was awesome…I want,
when I teach math, I want to be like her!...umm…She was the one who always made
math really fun…and…all the kids who didn’t understand before loved her. And she
always had tutoring sessions…umm….and she always wrote stuff out on the board and
showed us different ways of how to do it…and then we went up and did it on the board
ourselves…and I really liked that…umm…sometimes it was horrifying if you didn’t
know how to do it, and you had to do it in front of everyone, but she had like seven
people go up at one time…so it wasn’t just you… Yeah…so it was a big
group…umm…and then if you didn’t understand, then the person next to you could help
you…She went around and made sure you knew how to do it…umm…and I really liked
that.
Rachel also recalled several specific characteristics of her teachers that helped her develop and
maintain a positive perception of mathematics:
I never really had a negative experience with math, I don’t know. I mean all of my
teachers have been helpful, and you know, if you needed extra time, or if you didn’t
understand a certain concept they were there, I mean like we had study time built into
like our schedule, so during that time you know the math teacher was available. That was
always really helpful to me if I could go and ask her a question on her problem.
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Mati, Audrey, and Emma also described the experiences with teachers who made
themselves available during class time to answer any questions and help students better
understand the material. Mati stated, “I think it’s important to allow them [students] to ask you
and get that confirmation that ‘hey you are doing this right’…umm…that success is important.”
Mati also said that not all of her teachers implemented the same teaching style and strategies, and
that made a big difference in her mathematical understanding during her years in middle school.
Mati went on to recall,
It wasn’t that way [work together and ask questions] in middle school. It was because we
spent so much time worrying about other things to get through an hour, umm…We didn’t
have as much time to get help. I think that would have made a big difference in middle
school.
Audrey reflected on a similar example of a teacher as well:
She [one of Audrey’s teachers] would teach for the first half of the class and then
the second half would just be working out the problems that she had just
taught…umm…and so I really loved that because we had practice time before we started
our homework to really get used to making sure we knew how to do it…and if we didn’t,
we had half the class with her right there walking around, like…and being available to
us…umm…so I really really liked that aspect of that...I feel like my experience [with
mathematics] got better, even though it was harder…just because of the different
teaching styles.
Finally, Emma recalled her experiences:
I like the teaching style where the teacher breaks it down step by step and talks about
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each process and makes sure like everyone understands it before moving on. Some
people say they are moving too slow, but I like that because it helps you process it…I
think that walking through the problems and examples as you teach…going through two
or three problems with the class or with the student individually helps me…You are there
to teach them, so if they have questions we’re there to answer them, because when they
go home we can’t go home with them.
Other participants described additional experiences when the teacher created a supportive
atmosphere of learning and provided various opportunities for students to understand each
mathematical concept. Kayla had an online experience where the teacher used an interactive
PowerPoint video to offer support to help teach and enforce various mathematical concepts
covered in the course. Therese shared that she needed a more supportive learning experience in
place than just taking notes to understand mathematical concepts and objectives. She had a few
negative experiences she essentially felt were a setback for her higher level mathematics courses.
Despite her setbacks, Therese shared that she volunteered as an aide for an Algebra II teacher so
she could observe class and take notes, learn from the teacher, and reinforce the material she felt
like they needed to know, so she could be successful in other mathematics courses. Therese
stated,
I like it when they [teachers] make it fun…and I don’t like just sitting there taking
notes…not for math…anything else, I can take notes and be just fine…but I don’t get it
in math so…I definitely like activities and them [teachers] walking around and making
sure you got it….I still needed one more math credit, and I wanted to get into College
Algebra at a community college. I had to test to take it. I took that Compass Test about
five different times!
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Audrey shared in her interview that teachers should positively support and promote
mathematics. She thought it was important for teachers to communicate to students that math
was fun even if it was not a favorite subject. Audrey stated,
Even if they [students] hate math…that doesn’t mean that you’re bad at it…if you don’t
like it…So you can still do it and…even if you hate it…the more you work at it, the
better you will get at it.
Piper echoed Audrey’s feelings by sharing in the representation activity (see Figure 4) an
illustration of a frustrated face with question marks and a picture of a test with question marks
and a low score written on the test. In her written explanation describing her caption, Piper
wrote, “I feel like if I don’t know the answer that I’m not smart or incapable of really
understanding math.”

Figure 4. Piper’s current perception of mathematics.
Thorough Explanation of Why Various Mathematical Concepts Work
As the participants each reflected on personal mathematical experiences, their responses
echoed a third common theme, that they either enjoyed how teachers explained the material or
wished they received more purposeful instruction. With eight of the 10 participants mentioning
that they plan to teach why various mathematics concepts are possible, there was a genuine
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connection between the mathematical concept or objective and the purpose, relevance, and
reasoning of the lesson during the teacher’s instruction. Collectively, participants shared that
they felt it was important for the teacher to communicate the reason various concepts were
possible, because this enforced deeper understanding and mathematical confidence.
Rachel and Renae had the same professor in college, who positively influenced their
perception of mathematics. Rachel mentioned that it was because of her professor and his
teaching her why mathematical concepts were possible that she started to like math again. Renae
recalled a similar experience from the same professor as well:
I was always in honor classes, so I wasn’t like terrible at math but then whenever I got to
college, a professor showed us how certain things are done the way they are in math. It
really helped me because none of my other teachers ever told me like why we do it and
he showed us how we do it.
Renae also further reflected on how she truly appreciated her college professor going deeper and
explaining why various mathematical concepts were possible. Renae said, “It’s just like math
just doesn’t scare me as much anymore…just because it was like the teachers in college, and I
guess describe more of why we do things instead of like showing us how to do it.” Last, Renae
discussed the importance of teachers trying to meet the different learning needs of their students
and that explicit instruction is necessary. Renae said,
I think that it’s [instruction that is thoroughly explained] super important because
everyone learns differently…so it’s good to have that building block of knowing that
there are multiple ways to teach something so that you can reach out to everyone so that
there’s not just one way.
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Other participants described how they either had positive experiences when the teacher
thoroughly explained why mathematical concepts were possible, or wished that teachers
thoroughly explained to help guide them in understanding various objectives better.
Alyssa said that she wished she had received thorough explanations throughout her mathematics
experiences. She became frustrated when teachers would just teach and not carefully explain.
She hoped that one day she could appropriately meet the learning needs of her students by
finding different ways to explain the material. Similarly, Mati and Emma also shared hopes that
they would be able to clearly explain the reasoning behind various concepts to their students one
day as well.
Emma stated that she would often just try to get through her math courses instead of
going deeper:
The parts that I didn’t understand in math, I would try to get through it… so maybe try to
understand the process more of why it happens that way instead of just this is what they
tell me to do. So I’m going to try to learn the deeper process.
Kayla, Annie, and Audrey reflected on mathematical experiences that were influential as
well. Kayla described how having small class sizes was beneficial in her upper-level
mathematics courses. She found this helpful because the teacher could comprehensively explain
the material and help each individual student understand. Annie, who was homeschooled,
explained that the presentation format of her curricula made a difference in her mathematical
understanding. Audrey shared that like Annie, the depth of explanation and instruction made a
huge difference. Audrey had a teacher who helped her immensely by demonstrating different
ways to solve the same problem. Audrey recalled, “She [the teacher] always wrote stuff out on
the board and showed us different ways of how to do it.”
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Therese and Rachel shared their long-term personal goals to thoroughly explain and
describe mathematical concepts in their own classrooms. Therese stated in her interview that she
wanted to break concepts down for her students and spend additional time on specific concepts.
Rachel planned to follow her college professor’s way of teaching and try to explain the reasoning
behind various mathematics concepts. Rachel said,
I will definitely be taking my college professor’s advice in explaining why things are the
way that they are…so that I’m not just giving students step-by-step like ‘here you go this
is how you do it!’ but teach them why. I know for me that if I had been taught that, I
think that the rough years would have been a lot easier than they were.
Theme Two: Factors That Negatively Influenced Mathematical Perceptions
As each of the participants prepared to become future elementary teachers with a second
certification in either early childhood or a particular content area for middle school, a common
theme that emerged from the participants was to use their own mathematical experiences in their
future classrooms. The participants collectively expressed a passion for using their mathematical
experiences, both the positive and the negative, to help them be able to support and influence
future students. Knowing what worked better in their personal mathematical experiences to make
them successful, would enable them, in turn, to help their students have successful experiences.
Guided by their own positive and negative mathematical experiences, participants hoped to serve
as mentors and models to their students by providing effective learning experiences. As each of
the participants shared and reflected on their personal experiences, memories, and perceptions,
276 positive references emerged.
It was evident that several negative factors during each participant’s mathematical
experiences influenced their personal perceptions of mathematics as well. Participants

154


collectively described 227 negative experiences, memories, and perceptions. From the 227
negative descriptions that came from the participants’ experiences, three subthemes emerged.
The first common experience that participants indicated may negatively influence mathematical
perceptions was ineffective instruction by their teachers. A teacher’s method of instruction and
the resources they used in the classroom may negatively influence the mathematical perceptions
of the participants. Every participant mentioned some sort of hands-on/visual activity present
during elementary mathematics courses, but most of the participants mentioned that such activies
were not often present in higher grade-level mathematics courses. This led to the second
theme/commonality present in that data: as the progression of mathematical concepts increased
in difficulty, this eventually led to frustration for many of the participants. Several participants
shared that concepts became increasingly difficult and complained that the level of difficulty
caused additional frustration. Four participants stated that they became frustrated in higher level
mathematics courses because activities were not in place to help students with different learning
styles and help reinforce specific concepts. Finally, the third commonality or subtheme that
emerged was the development of feelings of intimidation and frustration about asking teachers
questions to clarify mathematical concepts and requesting help sessions. As students progressed
into higher level mathematics, activities and resources present in elementary courses were not as
applicable/available. Piper, Renae, Therese, Kayla, and Audrey recalled feeling left behind,
confused, and frustrated about seeking help from the teacher.
Ineffective Teacher Instruction
As the participants shared personal experiences, the commonality of ineffective teacher
instruction developed as a factor that negatively influenced the mathematical perceptions of the
participants. Eight of the 10 participants described examples of experiencing mathematics
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courses with teachers who implemented ineffective instructional techniques and learning
environments. The eight individuals expressed concern over the way teacher instruction
negatively influenced their personal mathematical experiences. Eight of the 10 participants
mentioned a lack of teacher support and low teacher effectiveness in the classroom 107 times
between the individual interviews, the focus group meetings, and the visual representation
activity. Participants Renae, Alyssa, Annie, Therese, Kayla, Audrey, Emma, and Piper shared
personal experiences of teachers who did not provide support to students and did not have what
they considered effective methods of teaching, both of which caused them to develop their
current negative perceptions of mathematics as a result (see Figure 5).
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Figure 5. Elements of ineffective teacher instruction.
A shared component of teacher support and effectiveness was a desire for the teacher to
be present, available, and relational with students. Because of her negative experiences with
ineffective teacher instruction, Renae reflected on how teachers should be able to relate to
students and help them along their mathematical journey. She stated in her interview, “I feel like
I will have more confidence if I learn how to teach it right.”
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Like Renae, Mati expressed her opinion that teachers should be able to relate to students.
Mati indicated how important her connection and relationship with her teacher were, and how
the effectiveness of the teacher’s instruction influenced her mathematical perceptions.
I have always really liked it [math], but there have been years where it really depended
on who was teaching it…if I didn’t have the same connection with a teacher, it was
harder. A lot of it is that with some teachers they make you want to succeed, and there are
some who are not as approachable or you don’t have the same relationship with and it's
harder to approach them and to ask that question that is burning in your mind…I think
that that had a lot to do with me from year to year with how I felt about it because
generally I would say I would really like it, but there were years that I just didn’t care for
the teacher the same…So I think that that had a big part for me.
Mati emphasized that both the relationship with the teacher, and the teaching strategies of the
teacher, can significantly influence a person’s overall mathematical experience and ultimately
affect a student’s perception of mathematics. She recalled a personal experience in which she
had an effective teacher and appreciated her mathematical experience, but that same year her
friend with a different teacher, utilizing different teaching strategies, did not appreciate her
experience. Mati said in her interview,
I would say it is the teacher—just from year to year it [positive perception of
mathematics] went up and down a little bit as to who was teaching it [math course], and
their methods of teaching it. I had, for example, a teacher in high school—there were two
College Algebra classes. One teacher taught all hour and then assigned twenty or thirty
problems for homework. I didn’t have that teacher. The teacher that I had taught probably
the first fifteen to twenty minutes of class. She would teach a new concept and then we
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would do our homework in class for the rest of the time so that she was there to help us. I
loved it! I loved College Algebra, and I had friends literally across the hall who
didn’t…the teaching styles were very different…Even my sister had the other one
[teacher across the hall] and she did not like it [math] at all…I think that a lot of it was
what they were fighting whenever they went home.
Emma recalled having feelings similar to Mati’s when she had teachers who assigned too many
problems for homework, did not provide support, and thus created an overwhelming
atmosphere. Emma shared her feelings of frustration:
I would have teachers that would assign 20 or 30 problems, and you knew that if
you didn’t understand one…so having 20 or 30—was going to make your evening
horrible at home because you were trying to figure it out…I think that you know…that
teaching strategy where the homework is just overwhelming…umm…what’s something
that caused a little bit of trouble for me whenever I would have those teachers that taught
in that style…and not all of them, but that just the overwhelming sense of I don’t
understand one so I can’t do 30 of them was one that definitely affected my perception.
Mati, Emma, Alyssa, Renae, Audrey, and Therese shared that they felt like a teacher’s
overall effectiveness and rapport with the students depended on the methods the teacher used to
teach various mathematical concepts. Mati reflected on the situation:
I personally feel like math is—a big part of how math is taught and how students react to
math is how it is taught and umm…the methods that are used to teach it versus, I
mean…it’s, something that a lot of kids throw up a wall almost automatically and I feel
like your attitude and your approach to math is pivotal…

159


Emma described her negative feelings toward teachers who tend to rush through the material and
put time constraints on various tasks. Emma stated,
I never liked when things are timed…I didn’t like the how much can you do in a
minute…I was not a fan…ummm…or teachers who just kind of rushed over on a time
crunch trying to get through a lot of material really fast.
Similarly, Rachel shared that it was important for teachers to consider the number of problems
given for homework. Rachel stated, “I think definitely not…umm…overloading on certain things
is important.” Rachel went on to say,
Like writing 30 problems when it is the same thing over and over…because the kids
who get it are going to get it in those first 10 and the kids who don’t aren’t…and 30 isn’t
going to solve that…and I think for me that was… you know…because there’s always
that one concept that you just don’t get, and it just doesn’t help to keep going.
Renae expressed her concern and frustration over the lack of teacher support for assignments.
She said, “They [teachers] just give us examples and then didn’t really show us why we do it.”
Alyssa agreed with Renae: “I feel like my teachers in high school didn’t really help me
understand it the way that I wanted or the way that I needed it to be…to understand math.”
Similarly, Annie also shared that she found it frustrating when a teacher assigned pages in the
book to look over and then complete the concept. Annie stated, “Just saying okay here are the
pages, read it, and then do the problems! That doesn’t work for me!”
Collectively Audrey, Therese, and Kayla had personal experiences with ineffective
teachers that they reflected upon in their interviews as well. Audrey said,
In high school, it’s like…everyone hates math, and it’s boring…and everyone’s like, ‘I
hate math.’…also almost my entire high school career except for like the last two
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[years]…I had math right after lunch, and everyone wants to sleep right after lunch, so
that didn’t help either…umm…but just once you get to high school, I feel like teachers
aren’t excited about the subjects that they are teaching…
Therese described that she did not receive the support she needed to understand the material in
some of her higher level math courses from just taking notes. Finally, Kayla shared her feelings
about a teacher who she thought was very ineffective, and Kayla did not have a positive
perception of mathematics as a result. She stated,
In middle school, we had a male teacher. He was kind of bland, you know…and
boring…so he wouldn’t ever teach us really anything…I guess he kind of walked us
through the problems and then kind of just give us the answers. I wasn’t really taught
something like how to really dig deep into math.
Progression of Mathematical Concepts Led to Frustration
As participants reflected on personal mathematical experiences, many changes between
elementary and middle school, and between middle school and high school were evident,
including instructional techniques, activities, and the difficulty of concepts. Each of the 10
participants described specific examples of how mathematics changed between elementary,
middle school, and high school courses. The level of difficulty, as mentioned 10 times by
participants, increased from grade level to grade level. Rachel said that as she progressed through
each grade level, the difficulty changed:
I feel that fifth grade I just remember there was a lot more book assignments and word
problems and things like that I think that I struggled with, so they weren’t as simple, it
wasn’t as simple as it used to be.
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Participants indicated 19 times that the level of difficulty in mathematics concepts increased
every year, and that the method of learning changed as well from elementary to middle school to
high school mathematics courses. Emma and Mati shared that elementary school mathematics
frequently had activities during those courses, and that changed around middle school and
certainly in high school. Emma recalled, “I liked it [math] more when I was younger. Probably
around high school, I started to not like it as much just because it wasn’t more involved and it
wasn’t my favorite.” Mati recalled the difference between her elementary and middle school
years:
I think in elementary there were a lot of activities, and there were a lot of shapes and a lot
of hands-on stuff. And then you hit middle school and all that was gone…I think that
there’s a big leap there sometimes…umm…High school is more like middle school.
Middle school definitely gets you ready for high school.
Renae and Alyssa had experiences similar to those of Emma and Mati in regard to there being
such a difference in the teaching structures present in elementary, middle school, and high school
classrooms. Renae said,
In middle school and high school we didn’t really do a lot of hands-on learning, it was
just like a lot of homework I guess…and at the board teaching…High school was a lot
more lecturing, not as much doing your homework in class but taking it home and doing
it. So the teacher wasn’t necessarily there to help you while you are doing your
homework.
Alyssa loved math but lost her passion as she got older because concepts became harder and she
received little help from her teachers. Annie recalled, “Probably up until seventh grade, it was all
right. It was fine, and then they added the letters!” Alyssa and Annie agreed that the integration
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of variables into mathematics made their mathematical experiences frustrating. Alyssa stated that
mathematical concepts with variables were progressively more difficult in her higher level
mathematics courses, and she did not appreciate the increased difficulty.
Several of the participants, including Mati, Annie, and Therese, described high school
mathematics experiences as progressively more difficult than what they experienced in previous
courses. Specifically, each of the participants discussed courses such as algebra, geometry, and
Algebra II. All 10 of the participants mentioned algebra as either a positive or a negative
experience. Seven of the 10 participants referred to geometry a total of 14 times, and every
reference included a negative mathematical experience by those seven participants. Mati
recalled,
I took geometry my freshman year of high school, and that was a big shock for me. I
jumped from not having shapes for a very long time to geometry. And…umm…I think
that there was kind of a big gap, but it was more lecture. There weren't as many activities.
It wasn’t as hands-on, and that’s how algebra, pre-calc [pre-calculus], and trig
[trigonometry] all were in high school…I think it might be hard to prepare lessons for
that kind of content that is hands-on. I can see why it’s not…umm…but I think it would
have made it easier.
Annie expressed her feelings about algebra and geometry as well. Annie stated, “I think once I
got in algebra and geometry…and the higher math is when I just really started hating it.” Therese
also expressed her thoughts regarding her high school experiences as well. Therese reflected,
High school was very independent, doing things on your own—kind of just taking notes
and teaching yourself. It wasn’t as interactive, they [teachers] didn’t make it fun, didn’t
break it down to your level…which—even though people mature, I feel like there are
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some subjects where you just got to make it almost like elementary and break it
down…Well, when I got into high school, that’s when I kind of started to have a hard
time…umm…probably like Algebra II…I wish I would have just done something about
it…like changed out of the class I was in…I was stuck because that was the only teacher.
I wish I would have just been more proactive…and tried to figure it out because it really
put me back when I moved to a bigger school.
Audrey reflected on having to try to use the textbook to teach herself when she had to
miss class for extracurricular school activities. She remembered that when she had to use the
textbook, especially in the higher grades, that it was a very frustrating experience. Audrey said,
I don’t think math books help…It’s nice to have the problems in it or definitions of
stuff…We used a really stupid line of textbooks anyway, and all the teachers were like
“We hate this, I don’t know why we use it.”…but they had to…It [the book] would
always show you the most complicated way to do it…and, so that was really hard…If I
missed a day of class—this was my pet peeve—because I was in volleyball, so I was
gone a lot because, math was like the last hour of the day, so if I had a game I had to
leave early…So if I missed a class…I couldn’t go back to the book and learn it because
the book taught me a way that she [my teacher] didn’t even teach me because it was
complicated…umm…plus I just can’t learn it from there [from the book]… I have never
had a textbook in math that made sense…umm…for those kids who are gone, because, I
mean kids are going to be gone—it’s just a thing, people aren’t there all the time…I just
hated playing catch up, like trying to figure out where I was…so I always had to go to my
friends or the teacher and have them teach it to me instead of being able to teach it to
myself because I just couldn’t.
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Similarly in comparison to Audrey’s frustration about mathematics textbooks and not
being capable to move on until she visited with the teacher or other friends, Kayla stated that she
did not want her future students to experience frustrating situations. Kayla said that when she
became a teacher, she wanted to help students become successful with difficult concepts and
overcome frustrating times. Kayla hoped that the students who did not pass a test or assignment
would be able to work with her so that she could help them understand any concept that might be
difficult to grasp. Finally, Alyssa illustrated her current mathematical perceptions from negative
experiences with previous teachers by drawing a picture (see Figure 6). Alyssa drew a girl,
representing herself, who had a cloud over her head, with rain falling from the cloud onto her. In
addition to the raindrops, Alyssa drew two math problems and labeled one with a question mark
and the other with the letter IDK [I don’t know].

Figure 6. Alyssa’s current perception of mathematics.
Feelings of Intimidation to Ask Questions to Clarify Concepts and Attend Help Sessions
A third commonality that became evident from the responses of the participants was the
development of feelings of intimidation over asking the teacher questions and attending tutoring
sessions to clarify and better understand specific mathematical concepts. For various reasons,
five of the 10 participants did not feel comfortable asking the teacher to provide additional
support to clarify concepts. Participants referenced their feelings of frustration and intimidation
over asking questions 29 times. Negative homework experiences, described eight times by
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participants, often occurred because individuals felt uncomfortable asking questions to clarify
difficult concepts. Frustrated often, Rachel stated that when she got home, she had to spend time
on concepts learned in class that she did not understand. Rachel’s mother referred to Rachel’s
fifth-grade math time as her “meltdown” time because she struggled so much with the math work
she brought home. Mati indicated that she did not have a good relationship with some of her
math teachers because they were not approachable and it was hard to ask questions as a result.
Renae shared that she found it difficult to ask questions to clarify particular mathematics
concepts as well:
What I feel least comfortable with in a mathematics classroom is raising your hand and
being like umm…I don’t understand this, whereas in another classroom I feel like it
wouldn’t be difficult to have the teacher explain it to you, and you understand it…but
math for some reason is hard for me…I would always wait for someone else to ask a
question…sometimes I would go up to the teacher afterward.
Renae shared further that if she could go back and change any of her mathematical experiences,
she would ask more questions. She stated, “If I don’t understand something, I would just ask the
teacher to explain it more. I’m sure that they would if I would just ask.”
Mati said that as mathematical concepts became progressively harder and built off each
other, it was hard to keep moving forward. When she had a question and did not ask, it was easy
to fall behind as concepts became increasingly difficult.
I definitely would say if you don’t get it in the beginning, you don’t get it for a very long
time. It’s very hard if you miss step one, you can’t start with step three…and I think that
was always one of the hardest things for me. If I couldn’t get it through my brain and
how to get this problem started or how to get this concept started or what this really
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meant, I struggled with that…and even up until like…I took calculus in the spring, and I
went to my professor and I was like there’s something I am missing, there’s just…it just
won’t work. He was like, “Oh, well you don’t see blah blah blah?” and then it made
perfect sense. Which I think with math though for the ones that aren’t willing to really
speak up, if you miss that concept or if it just doesn’t work for you for some
reason…everything else becomes challenging.
Like Renae, Therese and Audrey were also hesitant to ask questions when they were not sure
about a particular concept. Therese said,
I appreciate when teachers…umm…do not make me feel dumb…I have had some really,
really bright teachers, and you just feel like that they are on a different level than you…I
don’t like it when they make you feel like you can’t answer questions, or you’re
intimidated because you don’t want to go to the board to answer questions because you
don’t get it.
Similarly, Audrey said,
It [math] does make me nervous because I feel inadequate sometimes…umm…but, I like
the process of doing it…I had a teacher who didn’t slow down very much…if I didn’t
understand something I was scared to admit it, because I was one of those smart kids who
always got it.
Audrey struggled with the feeling that if she did not understand a concept, she was not smart.
Audrey said,
If you don’t get it, you are stupid, and if you do, you’re smart…and sometimes it was
in-between…like I could get a really complicated concept but sometimes the really easy
stuff just doesn’t click with me…but that doesn’t mean you are smart or
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stupid…Everyone is smart in their own way…It’s just the way that their brain works…I
think definitely as I am learning more and more it’s okay not to understand it all the time.
Furthermore, seven of the participants--Renae, Therese, Piper, Emma, Alyssa, Kayla, and
Mati--expressed that they wished they had taken part in extra tutoring and help sessions to
improve their understanding of various mathematical concepts. Alyssa’s school offered help
sessions, and Alyssa said she would go to extra help sessions if it were possible to go back and
change any of her mathematical experiences. She said,
I probably would want to go to more tutoring sessions than I did…but I just got so
frustrated I was just like, ‘I don’t even want to go because I’m only going to get mad
anyways, I don’t understand anything’…but I probably should have gone to more
tutoring classes.
Kayla said that she would make some changes during her freshman and sophomore years if she
had the opportunity to do it all over. Pushing herself instead of giving up, and asking for help
were changes Kayla said she wished she could make concerning her high school years.
Finally, Piper said that if she could go back to her prior experiences, she would ask questions and
seek help so she could understand various concepts. She stated,
I probably would have…like…been like straight up with my teachers and asked for help
because they kind of like intimidated me…and I was like, ‘I’m not worth their time,
they’re busy’…I probably would have done that and umm…like…outside of class I
should have put more effort…like if I didn’t get it, I was like ‘Okay, I don’t get
this.’…but I should have like maybe got like a tutor or like something to help.
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Theme Three: Attitudes Generated Toward Mathematics as a Result of Experiences
Individual interview sessions, focus group meetings, and visual representation activities
allowed participants an opportunity to share their personal mathematical experiences. All of the
participants were very gracious and openly communicated both positive and negative
experiences that affected their mathematical perceptions. The participants split between five
individuals who had positive mathematical perceptions and five individuals who had negative
mathematical perceptions. The numerous experiences that resulted in each participant’s attitudes
toward mathematics over the years did not occur overnight but were instead the result of ongoing
situations and factors.
During the visual representation activities, participants expressed their personal feelings
through their illustrations and descriptions about their mathematical experiences. The first
portion of the visual representation activity required participants to recall how they perceived
mathematics during their early mathematical experiences. Feelings of confidence were evident in
the responses of eight of the 10 participants. In their visual representation activities, six of the 10
participants drew pictures depicting a smiley face, and the other two described how math was
simple and easy when answering the prompt of how they perceived and felt about mathematics
during their early experiences.
Alyssa drew a picture of a smiling girl with addition and subtraction problems and hearts
intermixed all around her when she communicated her early feelings of mathematics. Audrey
and Kayla drew comparable pictures portraying that they both felt comfortable and confident
during their early mathematical experiences. Audrey drew a picture of a girl at a chalkboard,
smiling and pointing to addition and subtraction problems and various shapes. Audrey wrote in
her caption, “Math is easy and fun!” Kayla drew a teacher holding a flashcard at the front of a
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class of smiling children. Kayla’s caption read, “This drawing shows that I thought math was
easy and fun when the teacher had flashcards.” Echoing Audrey and Kayla’s early feelings of
confidence, Therese drew a girl sitting in front of a chalkboard with her hand raised, saying,
“Pick me!” Therese described her picture by writing, “As an elementary student I was very eager
to learn math and was excited about it, it came easy to me and I felt like I understood it” (see
Figure 7).

Figure 7. Therese’s early feelings about mathematics.
Anna, Mati, Annie, and Emma also specifically demonstrated feelings of confidence
about their early mathematical experiences. Anna drew a picture of a test with a score of 100%
surrounded by the words: simple, broken down, and fun. In her caption she shared her early
confidence by writing, “Elementary math wasn’t a struggle for me because my teachers made it
make sense.” Mati also described how she felt math during her early years was easy. Drawing a
list of numbers one through 10 and a smiling face, Mati wrote, “To me math was just the
numbers 1-10. I did not know that there was really any more to it. To me math was counting and
counting was easy, so math was easy.” Similarly, Annie depicted her feelings by drawing a
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picture of an excited girl thinking about addition problems. Annie wrote in her caption, “I felt
pretty confident and liked math and showing off what I learned” (see Figure 8). Finally, Emma
shared in her visual representation that she wanted to learn about mathematics in her early years.
She drew a picture of a girl smiling, thinking about various mathematical concepts such as
addition, subtraction, multiplication, division, and some metric measurements. She wrote in her
caption, “I was excited and curious to learn about math especially after watching my older
brothers.”

Figure 8. Annie’s early feelings about mathematics.
As participants progressed through their elementary years into higher level mathematics
courses and even into college, not all experiences left them with positive or confident feelings
toward mathematics. Renae shared in her visual representation activity that she did not feel very
confident in her previous mathematical experiences. She stated, “I was not very fond of math. I
found it my hardest subject so I was not very interested in it either.” However, on the third potion
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of the visual representation activity, Renae described how she would reflect her personal feelings
from her own experiences once she had a classroom of her own.
I feel I would use a lot of “hands-on” learning and group learning in my classroom
instead of lecturing or having students take notes. I want to use games to get the students
more involved and help them understand math more easily.
Annie described in her visual representation activity that difficult mathematics concepts made
her feel anxious. Annie drew a picture of a confused person thinking about two math problems
and then thinking the word “Help!” and another person with a smiling face. In her written
response, she stated,
Math often gives me anxiety if I feel stuck on a problem and don’t know how to proceed.
When I do accomplish a math task, and understand something, it feels awesome! Overall,
I avoid complicated math as much as possible.
Like Annie, Piper represented her current mathematical feelings by drawing a picture of a face
with a confused expression. Piper said, “I feel like if I don’t know the answer that I’m not smart
or incapable of really understanding math.” Similarly, Therese drew a picture of a girl with tears
streaming down her face, saying, “I don’t understand!” to represent her current feelings about
mathematics. Therese described her illustration, “As I got into high school I started to struggle
with math because it did not come as easy to me and I didn’t have teachers that could break it
down for me” (see Figure 9).
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Figure 9. Therese’s current feelings about mathematics.
Mati, had a positive perception of mathematics but expressed it by drawing a face that
was neither smiling nor frowning but had a straight line for a mouth, indicating that she felt she
was forgetting some of what she had previously learned as she moved into higher level
mathematics courses. Mati wrote in her visual representation activity,
I currently feel like math is still something that I very much enjoy and enjoy learning.
However, there are many, many different areas of math and the further I go the more I
feel like I am losing some of what I have learned.
Like Mati, Audrey illustrated her mathematical feelings as she progressed through higher level
mathematics courses. Audrey drew one picture of a girl with a smile on her face and algebraic
problems and vocabulary all around. Next to the smiling girl, she also drew a picture of another
girl, crying with geometry problems and vocabulary all around and the phrase “left behind” (see
Figure 10).
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Figure 10. Audrey’s current feelings about mathematics.
Each of the participants recalled positive memories from their early mathematical
experiences. Early math experiences generated examples of teacher instruction and strategies
participants would like to incorporate in their future classrooms. Collectively, participants felt
self-confident in their mathematical abilities throughout their early mathematics experiences.
Research Questions
Each research question corresponded with the themes/subthemes that became evident
after I coded all of the data collected from the responses of each participant. I established the
themes/subthemes from the responses of each of the participants and represented answers to each
of the research questions. The relationships between the research questions and the
themes/subthemes are listed in Figure 11.
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Research Question #1:
How do pre-service
elementary school
teachers who have yet
to take mathematics
methods classes
describe their current
perceptions and
attitudes about
mathematics?

Theme 1:
Factors that Positively
Influenced Mathematical
Perceptions
Theme 2:
Fators that Negatively
Influenced Mathematical
Perceptions
Theme 3:
Attitudes Generated Toward
Mathematics as a Result of
Experiences

Research Question #2:
What previous
mathematics
experiences may have
affected the
formulation of preservice elementary
school teachers’
perceptions of
mathematics?

Research Question #3:
In what manner and to
what extent do preservice elementary
school teachers
speculate that
experiences in
mathematics may
influence their
eventual teaching
effectiveness?

Theme 1 with Subthemes:
--Effective Hands-on/Visual Activities
--Teacher Support
--Thorough Explanation of Why Math
Concepts Work
Theme 2 with Subthemes:
--Ineffective Teacher Instruction
--Progression of Math Concepts Leads to
Frustration
--Feelings of Intimidation to Ask
Questions and Attend Help Sessions

Theme 1:
Factors that Positively
Influenced Mathematical
Perceptions
Theme 2:
Fators that Negatively
Influenced Mathematical
Perceptions
Theme 3:
Attitudes Generated Toward
Mathematics as a Result of
Experiences

Relationships between Research Questions and Themes/Subthemes

Figure 11. Relationships between research questions and themes/subthemes.
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Research question 1: How do pre-service elementary school teachers who have yet to take
mathematics methods classes describe their current perceptions and attitudes about
mathematics?
All of the participants shared their current perceptions about mathematics. Five of the
participants had negative mathematical perceptions and five of them had positive mathematical
perceptions. As they shared their experiences, it was apparent that despite completing their K-12
education in different school districts, there were definite commonalities that influenced the
participants to develop either negative or positive mathematical experiences. Collectively,
participants referenced 276 positive personal experiences, memories, and perceptions.
Conversely, participants also described 227 negative experiences, memories, and perceptions.
Figure 12 demonstrates a variety of related words that participants used to describe their positive
and negative mathematical experiences.
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--Group Work
--Hands-On/Visual Activities/Reward Incentives
--Interactive Learning Experiences
--Connection/Relationship with Teacher

Positive Words
Effective
Prepared
Engaging
Interactive
Fun
Comfortable
Supportive
Assisted
Mentor
Opportunity
Rewarded
Visual
Competent
Confident
Passionate

--Effective/Competent/Confident Teacher
--Approachable/Supportive Teacher
--Homework Support
--Purposeful/Meaningful Learning Experiences
--Comfortable Learning Environment

Negative Words
Ineffective
Boring
Difficult
Hard
Complex
Unorganized
Incompetent
Unapproachable
Reluctant
Uncomfortable
Impossible
Left Behind
Struggle
Failure

--Ineffective Teacher
--Ineffective/Non-Engaging Learning Experiences
--Mathematics Textbooks
--Difficult Mathematics Concepts
--Geometry
--Variables in Math
--Unapproachable/Non-Relational Teacher
--Boring
--Uncomfortable Asking Questions
--Uncomfortable Learning Environment

Figure 12. Positive and negative related words.
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Participants referred to positive words when they discussed experiences that they felt
positively influenced their mathematical perceptions. Positive words also described experiences
and examples participants indicated that they would want to present in their future classrooms.
Participants often recognized negative words they would like to change in their classroom so that
their own students would not have negative mathematical experiences. Each of the 10
participants illustrated in their visual representation activities how various words and phrases
affected their mathematical perceptions.
Research question 2: What previous mathematics experiences may have affected the
formulation of pre-service elementary school teachers’ perceptions of mathematics?
Each of the participants shared specific experiences that influenced their perception of
mathematics. Positive experiences such has hands-on/visual activities, teacher support, and
thorough explanations of why various mathematical concepts are possible, positively influenced
participants’ perceptions of mathematics. Participants referred to specific activities they
remembered completing during their early mathematics experiences. Activities such as edible
incentives to master concepts, board races to solve problems, and working with groups to
complete tasks were examples of instructional strategies that participants hoped to implement in
classrooms of their own.
A common trend among participants involved homework and teacher support.
Participants shared prior experiences on how the amount of homework, the difficulty of
homework, and the quality of teacher support affected their mathematical perceptions. When
participants had teachers who assigned purposeful homework and gave time in class to ask
questions to clarify concepts, mathematical perceptions were positive. Teachers who were
willing to allow students a chance to ask questions and receive additional support positively
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affected the mathematical perceptions of the participants. However, when homework was not
meaningful and students were unable to ask the teacher questions, mathematical perceptions
were negative. Negative mathematical perceptions also developed when participants had teachers
who used what they referred to as ineffective instructional methods to teach mathematics
concepts.
Research question 3: In what manner and to what extent do pre-service elementary school
teachers speculate that experiences in mathematics may influence their eventual teaching
effectiveness?
Each participant reflected on how she plans to use her previous mathematical experiences
in her future classroom. All 10 of the participants indicated that they would like to integrate
some of the hands-on/visual activities and instructional strategies in their classrooms, but would
like to learn from and not repeat their negative experiences. Using engaging hands-on/visual
activities such as reward incentives, sundae parties, board races, and group projects and
providing time for students to ask questions in a comfortable and non-intimidating environment
were several examples of how the participants speculated they would increase their level of
teacher effectiveness. Negative experiences to be avoided included unapproachable teachers,
ineffective instructional practices, and teacher incompetency; participants hoped instead to be
approachable, willing to teach their students using multiple methods, and competent and
confident in their teaching when they receive a classroom of their own (see Figure 13).
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Using Positive and
Negative
Experiences to Boost
Teacher
Effectiveness

Use Handson/Visual
Activities

Be Approachable
to Students

Explain Why
Various
Mathematical
Concepts Work

Use Multiple
Methods of
Instuction

Provide Support
and Time for
Students to
Work and
Process Concepts

Gain
Competency and
Confidence in
Mathematics

Provide a
Nurturing and
Comfortable
Learning
Atmosphere

Make
Mathematics
Purposeful and
Meaningful

Encourage
Students to
Attend Help
Sessions and
Seek Assistance

Figure 13. Using positive and negative experiences to boost teacher effectiveness.
Summary
In this chapter, I presented the data collected from the study. As each of the 10
participants of the study reflected on personal mathematical experiences, I analyzed their
responses to establish three main themes that emerged from the descriptions of their experiences.
The first theme that became evident was factors that positively influenced mathematical
perceptions, and included three subthemes: effective hands-on/visual activities, teacher support,
and thorough explanation of why various mathematical concepts work. The second theme that
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surfaced from the experiences shared by the participants was factors that negatively influenced
mathematical perceptions, and included three subthemes as well: ineffective teacher instruction,
the progression of mathematical concepts led to frustration, and feelings of intimidation about
asking questions to clarify concepts and attending help sessions. The third theme that emerged
was the participants’ attitudes toward mathematics generated from their experiences.
Within each of the three main themes and six subthemes, commonalities emerged from
the participants’ lived experiences. All 10 of the participants had a positive perception of
mathematics during elementary school, but middle school and high school experiences caused
negative experiences for five of the 10 participants. Non-purposeful instruction, lack of teacher
support and effectiveness, difficult mathematics concepts, and intimidation about seeking help
and asking questions were leading causes of negative mathematical perceptions in middle and
high school grade levels. Through individual interview sessions, focus group meetings, and
visual representation activities, feelings about each participant’s lived experiences were evident
in her responses and individual portraits. Every participant expressed hope to use those
experiences to positively influence students in future classrooms. As shown through the data,
every participant recognized the need to present mathematical concepts in different ways to help
students better understand and attain mastery while allowing time for students to practice and ask
questions during mathematics courses. Collectively, each of the pre-service elementary teacher
participants wanted future students to benefit from experiences they felt had been either
beneficial or detrimental to the development of their own personal perceived perceptions of
mathematics.
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS
Overview
The purpose of this phenomenological study was to understand the perceptions about
mathematics held by pre-service elementary teachers at a small private university in the Midwest
United States. I conducted a phenomenological study to examine the essence of the experiences
of 10 pre-service elementary teachers who had not yet completed any mathematics methods
courses (Moustakas, 1994; van Manen, 1990, 2014). I chose a hermeneutic, phenomenological
research approach because I explored how and why each of the participants developed their
current perceptions about mathematics from prior participation in elementary, middle, and high
school, and some college mathematics programs, and thus made connections from each of the
responses of the participants (Moustakas, 1994; van Manen, 1990, 2014). The theoretical
framework that guided this research study came from the work of Bandura and his Social
Cognitive Theory (Bandura, 1986, 1993, 1996, 1997, 2001). Bandura’s Social Cognitive Theory,
which also encompassed the components of self-efficacy, perceived self-efficacy, and teacher
efficacy, helped guide my research (Bandura, 1986, 1993). I collected data for this study from 10
participants through the completion of 10 individual interview sessions, two focus group
meetings, and a visual representation activity. I used the following three research questions to
guide my study.
1. How do pre-service elementary school teachers who have yet to take mathematics
methods classes describe their current perceptions and attitudes about mathematics?
2. What previous mathematics experiences may have affected the formulation of preservice elementary school teachers’ perceptions of mathematics?
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3. In what manner and to what extent do pre-service elementary school teachers speculate
that experiences in mathematics may influence their eventual teaching effectiveness?
From the data from the individual interview sessions, focus group meetings, and visual
representation activity, I illuminated two themes with six subthemes and an additional third
theme that described participants’ attitudes about mathematics, based on their experiences. In
this chapter, I discussed the findings of my study and how the literature correlated with the
mathematical perceptions of pre-service elementary school teachers prior to their completion of
mathematics methods courses. I described Bandura’s Social Cognitive Theory (Bandura, 1993,
1996, 1997, 2001) including the components of self-efficacy, perceived self-efficacy, and teacher
efficacy as well (Bandura, 1986, 1993). Finally, I shared a discussion of the limitations,
implications, and recommendations for future research.
Summary of Findings
Academic leaders in universities and colleges design mathematics methods courses to
prepare pre-service teachers to become teachers in classrooms of their own. As the result of
previous mathematical experiences, numerous pre-service elementary school teacher candidates
begin teacher education programs with predetermined beliefs about learning and teaching
mathematics and may not be confident teaching mathematics (Briley, 2012). I limited my choice
of participants for this study to pre-service elementary school teachers who had not yet
completed any of their mathematics methods courses, in order to examine mathematical
experiences that influenced a pre-service teacher’s perception of mathematics before
participating in any methods courses. Consistent with the research of Cayci (2011), I found that
the positive or negative perception that individuals develop was a result of how they viewed their
own skills and other characteristics. From the data that I gathered, I found that every participant
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described unique experiences and memories that resulted in her positive or negative
mathematical perceptions. Collectively, participants shared experiences resulting in both
frustrations and triumphs throughout their K-12 experiences. According to Cayci, perceptions
consist of a person’s beliefs and judgment when the individual decides how to react and manage
a probable situation (2011). Through the analysis of the data, I found that each participant
reflected on her beliefs of how there would be evidence of their previous mathematical
experiences present in future classrooms.
My goal for this phenomenological study was to examine factors and experiences that
influenced the pre-service elementary teachers’ perceptions, beliefs, and attitudes about
mathematics. I collected data for the study from 10 individual interviews with every participant,
two sessions of focus group meetings, and one visual representation activity for each participant.
Following the individual interview sessions and the focus group meetings, I transcribed the data.
I merged a list of significant statements/categories regarding the experiences of the participants
into meaning units, and through that process I recognized the two themes that contributed to the
phenomenon of the participants (Creswell, 2013; Friese, 2014; Moustakas, 1994; Saldana, 2009).
The theoretical framework of Bandura’s Social Cognitive Theory with the components of selfefficacy, perceived self-efficacy, and teacher efficacy guided my analysis of the themes that
emerged from the data (Bandura, 1986, 1993, 1996, 1997, 2001).
Through the careful examination of each of the participants’ individual interview
sessions, visual representation activity, and focus group meeting, I integrated their experiences
into three main themes based on the commonalities in the data. The first theme consisted of
factors that positively influenced mathematical perceptions, and the second theme consisted of
factors that negatively affected mathematical perceptions of the participants. Each theme also
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included three subthemes as well. Subthemes of factors that positively influenced mathematical
perceptions included effective hands-on/visual activities, teacher support, and thorough
explanation of why various mathematical concepts work. The subthemes of factors that
negatively influenced mathematical perceptions included ineffective teacher instruction, the
progression of mathematical concepts leading to frustration, and feelings of intimidation about
asking questions to clarify concepts and attending help sessions. The third and final theme
represented the attitudes each of the participants developed because of their mathematical
experiences.
I used three research questions as a guide as I sought to examine the mathematical
experiences of my participants. The first research question examined how each of the pre-service
teacher participants described their current perceptions and attitudes about mathematics.
Although each of the participants had different mathematical experiences, a commonality
appeared in that most of the participants perceived elementary mathematics as positive
experiences. As the level of difficulty of mathematical concepts and objectives increased, so did
the level of frustration among many of the participants. The second guiding research question
examined specific experiences that affected the formulation of each of the pre-service elementary
school teachers’ perceptions of mathematics. Several commonalities for both positive and
negative mathematical experiences emerged. Every participant referred to hands-on/visual
activities as positive mathematical experiences. However, factors including lack of teacher
support, ineffective teacher instruction, and lack of opportunity to seek additional help and ask
questions to clarify mathematical misunderstandings or misconceptions, contributed to the
development of negative mathematical experiences and perceptions. Finally, the third research
question examined the manner in which and the extent to which, based on their own speculation,
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pre-service elementary school teachers’ experiences in mathematics may affect their eventual
teaching effectiveness. Overall, each of the participants reflected on their mathematical
experiences at the elementary, middle school, and high school level and shared how they would
use those experiences in their future classrooms. Participants hoped to learn from their negative
experiences and avoid implementing them in their classrooms and hoped to integrate their
positive mathematical experiences into their mathematics classrooms.
Discussion
The goal of my study was to examine factors and experiences that influenced the preservice elementary teachers’ perceptions, beliefs, and attitudes about mathematics. For the reason
that mathematics methods courses may potentially influence a pre-service teacher’s perception of
mathematics (Ellis et al., 2009), pre-service teachers who had not yet completed any
mathematics methods courses served as the participants of the study. I used Bandura’s Social
Cognitive Theory with the components of self-efficacy, perceived self-efficacy, and teacher
efficacy as the theoretical framework that guided the study (Bandura, 1986, 1993, 1996, 1997,
2001).
From the data gathered from the participants, the first theme that emerged was factors
that positively influenced mathematical perceptions. Specific experiences significantly
influenced how participants perceived mathematics during their K-12 and beginning college
experiences. I found that my participants, consistent with the research of Hassan, Ching, and
Ibrahim (2012), developed their thoughts and attitudes about how they perceive mathematics
based on their positive or negative mathematical experiences. Students who perceive
mathematics with positive emotions and attitudes tend to have experiences in which they enjoy
math and do not feel overwhelmed with specific mathematical objectives (Hassan et al., 2012;
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Yilmaz & Olkun, 2010). Consistent with the literature, the data collected from my study allowed
me to observe that every participant of my study shared positive perceptions of mathematics
when they understood the concept and did not feel overwhelmed with the complexity of the task.
The first subtheme that was evident from the data was effective hands-on/visual activities as
elementary and middle school students. Collectively, participants referenced practical activities
and learning experiences 110 times. A commonality of all 10 participants was a recollection of
specific hands-on and visual activities as positively influencing their perception of mathematics.
Hands-on/visual experiences often recalled among the participants included reward incentives,
sundae parties, board races, and group work. Participants specifically referred to sundae parties
16 times, group work 6 times, and other interactive learning experiences 43 times. Such
experiences were consistent with Bandura’s work on self-efficacy and perceived self-efficacy.
Bandura (1997) recognized that a student’s time spent in elementary school represented a
formative period for the development of self-efficacy. A shared experience between each of the
participants was that even though Renae, Rachel, Alyssa, Emma, Therese, and Piper did not ever
truly love math throughout all of their experiences in school, everyone recalled positive learning
activities from their early years and a higher sense of mathematical confidence in their beginning
experiences with mathematics. Each of the 10 participants supported the theoretical framework
of teacher efficacy as they expressed that they wanted to integrate their positive hands-on/visual
experiences in their future classrooms as well. All recognized that the effectiveness of their
teaching strategies, also known as her personal teacher efficacy, would result in positive learning
outcomes for their students (Briley, 2012; Buss, 2012; Enochs et al., 2000; Swars et al., 2007).
Hands-on learning, better known as a constructivist philosophy, has recently become an
important learning approach or pedagogy used in mathematics education (Bukova-Guzel, 2007;
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Kerkhove & Van Bendegem, 2012). A constructivist approach suggests that students become
active participants in their own understanding (Kerkhove & Van Bendegem, 2012; Shirvani,
2007; Ulrich et al., 2014). Consistent with the research, the 10 participants described their
positive memories of using hands-on/visual activities during their mathematical experiences.
Each participant planned to implement various methods in their own classrooms. Annie, for
example, felt that the effectiveness of using hands-on/visual activities to help students
understand mathematics was something she wanted to incorporate into her classroom one day
based on her personal experiences. In her visual representation activity, Annie described it best
when she drew a hammer and labeled it with the caption, “Math will be a tool.” Six participants,
including Renae, Rachel, Alyssa, Emma, Therese, and Piper, indicated that they did not have
many positive mathematical memories or feelings. Still those six individuals voiced that they
wanted to make sure to include hands-on/visual activities in their own classrooms because they
felt that they were able to have positive mathematical experiences when they could participate in
those types of activities. Renae shared in her visual representation activity that she, like Annie,
would use hands-on instructional strategies and activities to motivate her students in her own
classroom one day.
Another feature of the positive experiences all 10 of the participants shared regarding
effective hands-on/visual activities correlated to their learning styles. Researchers Ertekin et al.,
(2009) revealed that often pre-service teachers’ learning styles are similar to the traditional
teaching style of auditory learning, with the teacher distributing the information, whereas fewer
pre-service teachers reflected learning styles that represented visual and tactile styles found in
the constructivist style. Contrary to the findings of Ertekin et al. (2009), Mati was the only
participant in this study who apparently learned best from the traditional learning style taught on
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a specific rule or procedure by the teacher. On her visualization representation activity, Mati
shared how she perceived herself teaching mathematics in her classroom one day. She drew a
picture of a grid and listed the numbers one through five. She explained that in math it is
important to follow rules to avoid confusion over concepts.
The goal of using constructivist models of instruction is to teach students to think about
math and develop a deeper mathematical understanding (Briley, 2012; Ford & Strawhecker,
2011; Saliga et al., 2015). Recognizing the benefits of a constructivist model of instruction, other
participants commented that they felt their particular learning style was visual, and they planned
to try to integrate visual activities into their lessons. Annie, Alyssa, Audrey, and Piper
specifically recalled that they perceived themselves as visual learners. As visual learners
themselves, they hoped to integrate activities that would appeal to students who were also visual
learners and provide opportunities for students to take an active part in their learning as well.
The second subtheme that emerged as a factor that positively influenced the mathematical
perceptions of the participants was teacher support. Seven of the 10 participants collectively
mentioned over 132 examples of teachers providing support in the classroom. Participants
referred to the exact phrase “teacher support” 30 times and described numerous examples of
supportive teachers at the elementary, middle school, high school, and college levels. A student’s
school experiences are a reflection of his or her efficacy towards various content areas (Bandura,
1997). The experiences of the participants were consistent with what Fast et al. (2010), Griggs et
al. (2013), and Patrick et al. (2007) found regarding instructional practices potentially
influencing a student’s self-efficacy. Specific experiences regarding the support the teachers
provided their students greatly influenced how each of the participants in this study perceived
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mathematics and their mathematical confidence during their K-12 and beginning college
experiences.
Having a supportive teacher or educator significantly affected the mathematical
perceptions of the pre-service elementary teachers at the elementary, middle school, high school,
and college levels, as participants recalled their personal experiences. Participants communicated
that they were apt to have positive mathematical experiences when they had teachers who took
the time to work with students and provide additional interventions on difficult concepts.
Individually, the participants described examples of teachers who exemplified the ideal of a
supportive teacher by taking the time to go beyond general classroom instruction. Participants
indicated that ultimately a teacher had the potential to affect lives to the point of even influencing
students to change from hating mathematics to wanting to pursue a degree in elementary
education in which they would be teaching mathematics as a career and using some previously
learned teaching styles and strategies. The experiences, memories, and perceptions of the
participants were consistent with research that demonstrated teachers who implement
instructional practices with an emphasis on mastery learning may influence a student’s selfefficacy toward that particular subject area (Fast et al., 2010; Griggs et al., 2013; Patrick et al.,
2007). Consistent with the research, Piper best voiced how she had positive elementary
experiences as the result of her teachers providing mastery-learning experiences. She reflected
that during her elementary mathematics experiences, the teacher made sure each student was
confident with each concept before moving on to a new concept.
Overall, the amount of support received in the classroom influenced the mathematical
perceptions of each of the participants. Alyssa demonstrated the importance of the teacher
providing support to students who did not understand various mathematical concepts. In her
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visual representation activity, she drew one set of three students with happy faces, two students
with sad and confused faces, and a teacher smiling at each of the students, saying, “It’s okay, I’m
here to help.” Alyssa shared that she aspired to become the teacher who can help students who
express difficulty in mathematics. Kayla also described the influence a supportive teacher could
have in helping to minimize mathematical frustrations and help students become confident with a
greater sense of perceived self-efficacy.
Participants also consistently referred to the way their teachers’ support in helping them
to understand homework problems influenced their perceived self-efficacy as well. Participants
mentioned characteristics describing homework experiences 20 times and described situations of
effective teachers teaching and helping students become successful 39 times. The purpose of
mathematics homework should be to extend the amount of time students engage in the study of
mathematics (Landers, 2013; NCTM, 1980). Several of the participants echoed that homework
should be teacher supported and a time to practice new and existing mathematical concepts.
Rachel, Mati, Emma, Audrey, Kayla, Piper, Renae, and Therese specifically reflected on
homework and how that experience influenced their perceptions in a negative way when the
teacher did not provide support, but when the teacher was present, their mathematical
perceptions were positive.
The third subtheme that became transparent as a factor that positively influenced the
mathematical perceptions of the pre-service elementary teacher participants was the thorough
explanation of why mathematical concepts work. Participants referred to teaching why
mathematics concepts are possible 21 times throughout the study and mentioned 12 times that
they would teach their own students why various concepts are possible. Researchers Bates,
Latham, and Kim (2011) found that as individuals develop personal perceptions about their
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abilities, they tend to determine how they will utilize the knowledge and skills associated with
that particular ability. Consistent with the findings of Bates et al. (2011), the participants
reflected on how they were able to better connect and understand a mathematical concept or
objective if the teacher thoroughly connected purpose and reasoning about why the concept was
possible. The National Council of Teachers of Mathematics (2000) also emphasized a direct
relationship between students’ K-12 mathematical experiences and their confidence in their
ability to solve problems and understand mathematics concepts. Consistent with the NCTM
(2000), participants voiced how their K-12 and early college mathematical experiences affected
their personal mathematical perceptions, especially in regard to the presentation of mathematics
content and the support given by the teacher.
On the subject of thoroughly explaining the possibility of mathematics concepts and
objectives, eight of the 10 participants reflected on how such a learning experience was
meaningful to them and how they hoped to include the same learning strategies in their teaching.
Renae, Rachel, Emma, Alyssa, Annie, Audrey, Kayla Therese, and Piper reflected on their plans
to use a variety of learning strategies to help their future students better understand mathematical
concepts because each student learns differently.
As I was analyzing each of the mathematical experiences participants shared, the second
theme of factors that negatively influenced their mathematical perceptions emerged. The first
subtheme that became apparent during my analysis was ineffective teacher instruction.
Collectively, participants described and shared examples of their experiences of ineffective
teachers 107 times. Bornfreund (2012) and Norris (2013) recognized that in all fairness to
students and teachers, no educator should be in charge of a room full of children without having
the skills and knowledge to engage and promote success in each content area at each grade level.
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Contrary to the recommendations of Bornfreund (2012) and Norris (2013), every participant in
my study recalled some negative experiences as an outcome of ineffective instruction and the
frustration that occurred as a result.
For better understanding of the participants’ experiences with ineffective teachers, the
study by Ertekin et al. (2009) is helpful; it found that American teachers today do not receive
training based on the implementation of a constructivist philosophy of teaching using hands-on
methods, higher-level reasoning, and other effective methods of instruction, during their teacher
education preparation programs. As a result, many teachers after college graduation go into
classrooms without adequate preparation. Therese’s account of an ineffective teacher matched up
well with those findings of Ertekin et al.. Therese expressed her frustration in that her Algebra II
instructor was a first-year teacher and could not control the classroom. This negative experience
with the ineffective teacher caused Therese to have difficulty qualifying for a college algebra
course. Audrey also ran into some issues with her seventh-grade math teacher, who was actually
certified in history, not mathematics. His teaching style was not effective for Audrey, and she
often found his instructional methods frustrating.
The second subtheme of factors that negatively influenced the mathematical perceptions
of the pre-service elementary school teachers was that the progression of mathematical concepts
led to frustration as participants entered higher grade levels. Participants described negative
experiences as they completed higher level mathematics and expressed feeling of frustration 61
times as the progression of mathematical concepts became increasingly complex. Chand (2013)
found that more often than not, students already had ideas about mathematics before even
entering a classroom. Some students come to mathematics classes with the notion that
mathematics is a difficult subject that they are forced to take. Emma’s visual representation
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supported Chand’s (2013) work as she stated, “I often think it [math] is complicated the higher
the math level and less useful for my life. Although I know it is very important.” Chand went on
to state that other students may lack basic mathematical skills learned early on and, as a result,
have no interest in participating in mathematics any longer. Annie’s visual representation
supported the findings of Chand as she tried to avoid mathematics work that she considered
difficult. Similar to the findings of Chand, the participants recalled experiences they had
throughout their K-12 education and recognized that the level of difficulty of mathematical
concepts increased as they progressed throughout their educational journey each year. The
experiences of the participants were consistent with the findings of Bandura (1996) and Tella
(2011) in that the stronger the perceived efficacy of an individual, the greater the level of
commitment to carry out and follow through with difficult tasks, and vice versa.
The third and final subtheme of the factors that negatively influenced the mathematical
perceptions of the pre-service elementary teacher participants was feelings of intimidation about
asking questions to clarify concepts and attending help sessions. Collectively, participants
described examples of how they experienced feelings of intimidation about asking questions to
clarify concepts 59 times. Due to diverse factors and situations when participants did not feel
comfortable in asking questions to gain understanding, negative perceptions toward mathematics
developed. Phelps (2010) shed light on the development of perceptions about mathematics by
looking at the mathematical perceptions of pre-service teachers. In line with the work completed
by Chand (2013), Phelps found that the characteristic of prior performance seemed to have an
effect on the learning goals of the participants. Additionally, Phelps discovered that their
previous amount of effort affected their motivational profiles because having to exert additional
effort to complete a mathematical task meant that they were not good at mathematics. Phelps
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found that for most individuals, verbal persuasions and expectations raised their self-efficacy in
regard to mathematics. Phelps’s study also revealed that some of the same factors that influenced
the development of self-efficacy also influenced the mathematics learning goals of pre-service
teachers.
The outcomes of this study supported the findings of Phelps (2010) in that as the
mathematical tasks increased in difficulty, often the students’ sense of perceived self-efficacy in
mathematics decreased. As mathematical concepts became increasingly complex in their prior
instructional years, several participants reported that they chose to avoid mathematical tasks as
much as possible. Alyssa, Piper, and Kayla specifically stated that if they could go back and
make any changes to their mathematical experiences, they would have asked questions and
attended help sessions instead of just shutting down, frustrated at the task at hand. Kayla also
recalled how she wished she could have sought additional support and help during her early
years of high school.
When individuals perceive high levels of self-efficacy, they are able to persevere longer
and try harder to accomplish particular tasks (Bates et al., 2011; Pajares, 2003). Audrey,
although she worked hard to become successful and had a high sense of perceived self-efficacy
in mathematics, hesitated to seek help and ask questions to understand various concepts. Like
Audrey, Renae also struggled over asking questions in her mathematics courses. She would often
wait and hope someone else would voice her question.
Finally, the third and final theme of the attitudes generated toward mathematics because
of experiences became evident as I analyzed the data. Through the analysis of the data, I
continually found as each participant shared personal examples of how specific experiences
affected her perception of mathematics either positively or negatively, there was usually a
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positive or negative attitude attached as well. Because each participant completed three
components of the visual activity, there were 30 different illustrations from the visual
representation activity. On 24 of the 30 illustrations, participants drew figures/faces expressing
some sort of emotion. Figures ranged from just smiling faces to in-between smiling/frowning
faces to just frowning faces as participants described their mathematical experiences and
perceptions.
The participants’ development of specific attitudes as the result of their mathematical
experiences aligned well with Bandura’s Social Cognitive Theory. An individual’s level of
self-efficacy affects how that individual feels, thinks, behaves, and is motivated (Bandura,
1993). Bandura’s conclusions were predominantly in line with the responses of my
participants. Participants with a positive mathematical perception demonstrated a high level
of self-efficacy and confidence with mathematics, whereas participants who had a negative
perception of mathematics demonstrated a lower level of self-efficacy and confidence with
mathematics. Similarly, an individual’s perceived self-efficacy beliefs affected various
aspects, such as one’s level of perseverance and motivation when faced with setbacks and
difficulties, the quality of both strategic and analytic thinking, and the commitment to meet
and confront aspirations, adversity, success, failure, depression, and stress (Bandura, 2001).
Depending on whether participants had a positive or negative perception of mathematics,
each individual’s level of confidence with mathematics corresponded with her perception.
Consist with the research of Bandura (1997) and Buss (2010), I found that as each participant
established her level of confidence or efficacy beliefs with mathematics, her perceptions
were the result of years of mathematical experiences and accordingly would be challenging
to change.
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However, despite having a mixture of positive and negative experiences, I found from
carefully comparing the data from the individual interview sessions and focus group meetings
with the data collected from the visual representation activity, participants shared specific
examples of strategies and teaching methods they hoped to take into their future classrooms.
Consistent with the work of Kahan, Cooper, and Bethea (2003) and Kuzniak & Rauscher (2011),
the 10 participants collectively described how they hoped to provide positive learning
experiences for their future students. Although five of the participants did not have a positive
perception of mathematics, each of the five still described strategies that she would consider
implementing in her classroom to help her students be most successful.

Elements That Foster
Positive Mathematical
Perceptions
--Hands-on/Visual Activities
--Group Discussions
--Reward Incentives
--Homework Question and Answer Time
--Approachable Teacher
--Non-threatening Atmosphere
--Competent Teacher
--Homework and Assessments Are Aligned
--Multiple Methods of Instruction
--Explanation of Why Concepts Are Possible
--Additional Teacher Support When Needed
--Meaningful and Purposeful Concepts

Elements That Foster
Negative Mathematical
Perceptions
--No Hands-on/Visual Activies
--No Class Time Available to Ask Questions
--Homework Is Always Sent Home
--Teacher Is Not Approachable for Needed Support
--Teacher Is Not Confident Teaching Mathematics
--Ineffective Textbook Used for Course
--Unaligned Instruction and Assessments

Figure 14. Elements that foster positive and negative mathematical perceptions.
Implications
The results of this study illuminated two common themes, including factors that
positively influenced mathematical perceptions and factors that negatively influenced
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mathematical perceptions. Collectively, participants referenced 276 positive personal
experiences, memories, and perceptions and described 227 negative experiences, memories, and
perceptions as well. As each of the pre-service elementary teacher participants shared her
mathematical experiences, a number of commonalities emerged from both the positive and
negative experiences of each of the participants. I grouped factors that positively influenced the
mathematical perceptions of the participants into three subthemes that included effective handson/visual activities referenced 110 times, teacher support described 132 times, and thorough
explanations of why various mathematical concepts work and are possible referred to 34 times
by the participants. I also grouped factors that negatively affected the mathematical perceptions
of the participants into three subthemes, which included ineffective teacher instruction described
107 times, the progression of mathematical concepts referred to 61 times, and feelings of
intimidation about asking questions to clarify concepts referenced 59 times. With the emergence
of the factors that positively or negatively influenced the mathematical perceptions of the
participants, there were several implications for university and college teacher programs, K-12
school administrators, K-12 teachers, and future K-12 teachers.
Implications for Leaders of University and College Teacher Education Programs
With five of my participants having negative mathematical perceptions and five
participants having positive mathematical perceptions, my study revealed that pre-service
elementary teachers are beginning their college careers with experiences that either positively or
negatively influenced their current mathematical perceptions. Eight of the 10 participants in the
study expressed the desire for teachers to break concepts down and attach purpose as to why
various concepts are possible. Having completed general mathematics courses at the collegiate
level, five the participants--Renae, Mati, Audrey, Rachel, and Kayla--reflected on specific
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experiences where they had supportive professors who thoroughly explained each mathematical
concept that was part of the curriculum. Even so, it is important that leaders in university and
college teacher education programs structure programs in a way that pre-service teachers are
provided opportunities and trainings to learn the purpose behind the mathematics concepts that
they will be teaching and are taught strategies to differentiate instruction that help to meet the
needs of struggling students.
Leaders of college and university pre-service elementary preparatory programs must be
mindful that pre-service elementary education teachers consistently have lower self-efficacy
beliefs with mathematics and science than with all other content areas (Bates et al., 2011; Buss,
2010; Harper & Daane, 1998). Thus, pre-service elementary teacher candidates may benefit from
educators in teacher preparation programs who provide opportunities for each individual to
develop teaching efficacy beliefs in the areas of mathematics and science (Buss, 2010).
Therefore, it is important for instructors of elementary teacher preparation programs to consider
implementing an instructional structure that will provide students with ample, ongoing
opportunities to participate and engage in successful teaching experiences such as working with
effective mentors who may provide effective modeling practices and deepen students’
mathematical knowledge (Buss, 2010; Ford & Strawhecker, 2011; Weiss, 2015). Providing such
opportunities to pre-service elementary teachers will help promote and encourage the
development of their teaching efficacy in mathematics and deepen their understanding of
mathematics content and pedagogy (Buss, 2010; Ford & Strawhecker, 2011). Given that the
development of efficacy beliefs stem from experiences and are difficult to change, studies have
demonstrated that the efficacy of pre-service teachers in general is flexible as there are fewer
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mastery experiences as part of various pre-service elementary teacher preparation programs
(Bandura, 1997; Tschannen-Moran, Woolfolk-Hoy, & Hoy, 1998).
All 10 of the participants also mentioned some learning opportunities that were handson/visual activities and teacher supported that positively influenced their mathematical
perceptions. As students enter into university and college teacher education programs, often
times the pre-service teachers’ learning styles are similar to the traditional teaching style of
auditory learning, with the teacher distributing the information, whereas fewer pre-service
teachers reflect learning preferences that represent visual and tactile styles found in the
constructivist style (Ertekin et al., 2009). With the findings of Ertekin et al. (2009) in mind,
leaders of university and college teacher education programs must consider the importance of
fostering a supportive mathematical learning environment for students and should introduce
students to ways in which hands-on and visual activities can be incorporated into mathematics
classrooms. Providing pre-service teachers with models and examples of how mathematics
teachers can provide and create supportive learning environments for their students is important
to consider as well. Although current perceptions can change, it is often difficult to redirect the
mathematical perceptions that are the result of negative experiences. Becoming familiar with the
prior experiences students have encountered along their mathematics journey may help leaders of
university and college programs to better structure methods courses to meet the learning
expectations and needs of college pre-service elementary teacher candidates and help encourage
a higher sense of self-efficacy as a result (Bandura, 1997; Buss, 2010).
Implication for Leaders Preparing Future Mathematics Teachers
Participants from my study voiced concerns about mathematics teachers in higher grades.
Each of the participants shared that teachers in their higher level mathematics courses were not
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always passionate about their content area and did not meet their personal learning needs. A
common trend among participants that affected their mathematical perceptions in higher level
mathematics courses involved homework and teacher support. Participants shared prior
experiences regarding how the amount of homework, the difficulty of homework, and the quality
of teacher support influenced their mathematical perceptions. When participants had teachers
who assigned purposeful homework and gave time in class to ask questions to clarify concepts,
mathematical perceptions were positive. Teachers who were willing to allow students a chance to
ask questions and receive additional support positively affected the mathematical perceptions of
the participants. However, when homework was not meaningful and students were unable to ask
the teacher questions, mathematical perceptions were negative. Negative mathematical
perceptions also developed when participants had teachers who used what they referred to as
ineffective instructional methods to teach mathematics concepts.
Because participants of my study described situations in their higher level mathematics
courses as negatively affecting their mathematical perceptions, it is important for leaders of
college and university teacher education programs to prepare future mathematics teachers to
understand how potential situations can influence the mathematical perceptions of their students.
Leaders teaching future mathematics teachers must help their pre-service students recognize and
understand their personal goals in wanting to become mathematics educators. Helping preservice mathematics teachers recognize and define why they are entering into the education
profession as mathematics educators may prevent future teachers who are not passionate about
their content area from negatively influencing their own future students. Also, leaders preparing
future mathematics teachers must teach their pre-service teachers to be cognizant about the
purposes for the tasks they assign to students. Future mathematics teachers must learn to
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purposefully align homework and provide supportive learning experiences for their students.
Homework assignments should be meaningful to students, and mathematics teachers should be
available to help struggling students with various concepts. Creating purposeful assignments and
providing support to struggling students may help future mathematics teachers most positively
influence the mathematical perceptions of their future students.
Implications for K-12 Administrators
The mathematical experiences shared by each of the pre-service teacher participants
ranged across elementary, middle school, and high school mathematical programs. All of the
participants recalled positive experiences from their elementary years. Middle school
experiences were a mix of some positive and negative experiences, and five of the 10
participants referred to many negative perceptions of their high school mathematics experiences.
With this in mind, in a K-12 school district, administrators including principals, curriculum
directors, and instructional coaches could utilize mathematical professional development
opportunities for their staff. Using methods such as vertical teaming across grade levels could
help teachers have conversations with other educators and reexamine how their instruction may
better meet the learning needs of students across the grade levels. Professional development
opportunities allowing teachers to observe teachers in other grade levels and in other school
districts may help support teachers of all grade levels in providing effective learning strategies
for students as well.
Because the participants in my study indicated that high school, mathematics courses
negatively influenced their mathematical perceptions the most, school districts and high school
administrators need to carefully select their teaching staff. School district leaders could provide
various incentives to attract highly effective educators. Once administrators select a pool of
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candidates, they should carefully examine each potential candidate during the hiring process.
Having potential candidates teach mock lessons and share their teaching philosophy may help
hiring committees in selecting the most qualified candidate for the position.
Implications for K-12 Teachers
The experiences shared by each of the participants demonstrated that mathematical
experiences in elementary school, middle school, and high school stay with students throughout
their educational career. Teachers at each level have the potential to positively influence the
mathematical perceptions of their students through their learning activities, classroom
environment, and ability to nurture and mentor those students. As mathematics content becomes
increasingly complex and challenging, it is often hard to integrate hands-on/visual activities into
each lesson. Teachers need to recognize that students appreciate interactive learning experiences
at all levels of mathematics. K-12 teachers can help students from all grade levels work to
overcome mathematics anxiety or negative mathematical perceptions, with proper supports in
place. Teachers who are willing to answer students’ questions and provide multiple ways to
examine various mathematical concepts and objectives have the potential to help students
become confident in their mathematical ability and have a greater sense of perceived selfefficacy as a result (Bandura, 1993). Thus, it is important for K-12 mathematics teachers to
consider supports that they have in place to help their struggling learners, and consider ways that
they can integrate engaging and hands-on/visual activities into their mathematics instruction and
support struggling students.
Implication for Future K-12 Teachers
As each of the pre-service teacher participants reflected on their mathematical
experiences, I found that each individual consistently recognized her mathematical experiences
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as either positive or negative. All participants indicated how they would implement specific
experiences in their future classrooms. The five of the 10 participants who had negative
perceptions of mathematics shared examples of how they would change a specific negative
experience and potentially avoid exposing their students to experiences that negatively
influenced their perceptions of mathematics. Future K-12 teachers should consider reflecting on
their personal mathematical experiences and contemplate what factors influenced them to have
both positive and negative experiences and think through what they as future teachers would like
for their future students to experience. It would also be valuable for future teachers to self-reflect
on what changes might need to happen to overcome any negative perceptions. Implementing
changes such as learning new ways to teach mathematic may help future teachers avoid bringing
negative experiences into their future classrooms.
Limitations
The purpose of this phenomenological study was to understand the perceptions of
mathematics of pre-service elementary teachers at a small private university in the Midwest
United States. I sought to examine a particular phenomenon of the mathematical perceptions of
pre-service elementary teachers before their participation in mathematics methods courses and
compare any commonalities among participants (Moustakas, 1994). There were several
limitations present in my study. All of the participants for the study were individuals who
volunteered to participate. All of the participants were Caucasian female students who completed
their K-12 education in either a public school district, private school, or homeschool setting and
completed necessary work to fulfill state graduation requirements. All but one of the participants
lived in the same Midwestern state. The study represented only the experiences of female
students because there were not any male students who volunteered for the study. Another
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limitation of the study was that the participants for this study consisted only of university
students attending one specific university in the Midwest United States. The experiences of other
participants representing other public and private colleges and universities might have differed
from the experiences of the participants used for the study.
Recommendations for Future Research
Based on the findings described in my study, I recommend that leaders of colleges and
universities across the United States examine the mathematical perceptions their pre-service
elementary education students developed before completing their mathematics methods courses.
Because the study only included students from one small private university in the Midwest
United States, examination of the mathematical perceptions of other pre-service elementary
participants enrolled in both state and private colleges and universities may determine if
participants’ experiences were alike or different. As this study only represented the mathematical
experiences of female pre-service elementary school teachers, I recommend that future research
includes male participants to compare whether or not the mathematical experiences that
influenced the mathematical perceptions of the participants were similar or completely different
across gender lines. Because the 10 participants completed their K-12 education in only two
different states, I recommend that future researchers investigate whether or not the mathematical
experiences of these pre-service elementary teachers were consistent with those of participants
who completed their K-12 experiences in other regions/areas of the United States.
Future research could examine how outside influences may affect pre-service elementary
school teachers’ perceptions about mathematics. This study’s purpose primarily examined how
educationally related experiences affected the mathematical perceptions of pre-service
elementary school teachers. However, I recommend further investigation into examining any
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outside factors or influences not part of an educational setting that may have affected
mathematical perceptions as well. Additionally, I recommend the use of a scale, such as a Likert
Scale, as a data collection method, to help gauge the level of frustration participants developed in
regard to their mathematics experiences. Completing a similar study as this one with the
implementation of a Likert Scale may help the researcher determine the level of frustration
participants may have as the result of their experiences, in a way that just interviewing the
participants may not necessarily do.
I recommend that research also be conducted to compare how the leaders of university
and college pre-service education programs are structuring their mathematics methods courses to
prepare their pre-service elementary teachers to teach mathematics in classrooms of their own.
All of the participants voiced their belief in hands-on/visual activities, teacher support, and
thorough instruction as reasons contributing to success in teaching various mathematical
concepts. Future research may examine the effectiveness of the ways that leaders of pre-service
teacher education programs are integrating hands-on/visual activities, providing teacher support,
and employing thorough explanations of various mathematical concepts and objectives.
Finally, additional research should follow pre-service teacher participants throughout
their mathematics methods courses as part of their teacher education program and track their
mathematical perceptions. Longitudinal studies may allow researchers an opportunity to examine
whether the mathematical perceptions of pre-service elementary school teachers change or
remain the same as the result of their participation in mathematics methods courses. Also, future
research may examine the mathematical perceptions of the same pool of participants as they
begin teaching in classrooms of their own and examine how they implement their personal
mathematical perceptions and experiences with their students.
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Summary
As students transition from their K-12 educational journey and begin their college or
university education as pre-service elementary school teachers, their previous mathematical
experiences influence their current perceptions of mathematics. Prior mathematical experiences,
whether positive or negative in nature, have influenced every college student’s current
mathematical perceptions. Thus, the current perceptions students developed throughout their K12 experiences are following them into their college classrooms. Today’s college and university
students are entering campuses with both positive and negative mathematical perceptions. This
study revealed that half of the participants had positive mathematical perceptions and the other
half of the participants had negative mathematical perceptions. With this knowledge,
administrators of university and college teacher education programs must provide opportunities
for students to develop a higher sense of perceived self-efficacy as teachers of mathematics by
incorporating hands-on/visual activities, providing teacher support, and training students how to
thoroughly teach mathematics in their own classrooms. The experiences that influenced the
mathematical perceptions the pre-service teachers are bringing into their university and college
courses will remain the same unless leaders of teacher education programs provide learning
opportunities that will positively influence the current mathematical perceptions of the student.
All of the participants of my study voiced how they wanted to incorporate positive
experiences into their teaching. Unless negative mathematical perceptions are changed, teacher
competency and effectiveness will remain a hurdle for university and college pre-service teacher
programs and ultimately school districts across the nation. Although several participants stated
that having limited positive mathematical experiences motivated them to prepare to effectively
teach students of their own one day, they will be restricted unless they are equipped with the
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necessary tools to do so. If pre-service teachers are to integrate their previous mathematical
experiences with effective teaching practices--learned from leaders of teacher education
programs--in their future classrooms, they must have the proper training and resources to learn
how to do so.
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Appendix B: Sample Permission Letter From Director of Teacher Education

August 21, 2015
Dear Director of Teacher Education:
As a graduate student in the School of Education Doctorate Program at Liberty
University, I am conducting research as part of the requirements for a doctorate degree in
curriculum and instruction. The title of my research project is ‘The Mathematical Perceptions of
Pre-service Elementary School Teachers: A Phenomenological Study.’ The purpose of my
research is to understand the mathematical perceptions of pre-service elementary teachers and
understand what experiences have caused such perceptions to develop. For the purpose of this
study, individual interviews, focus group meetings, and a visual representation activity will be
the methods used to collect data over the course of the study. The results of this study may be
used to help guide teacher preparation programs in better understanding and addressing the needs
and concerns of their students before beginning mathematics methods courses.
I am writing to request your permission to utilize your list of pre-service elementary
education majors to recruit participants for my research and invite them to participate in my
research study. Participants will be asked to contact me to schedule an interview, focus group
meeting, and a visual representation activity as well. The data collected from each of the
participants will be used to better understand the mathematical perceptions of pre-service
elementary education students and identify how mathematical experiences have affected the
current mathematical perceptions of each of the participants. Before participating in the study,
each of the participants will be presented with informed consent information. Taking part in this
study is completely voluntary, and participants are welcome to discontinue participation at any
time.
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Thank you for considering my request. If you choose to grant permission, please provide
a signed statement on approved letterhead indicating your approval.
Sincerely,
Christine McElhaney
Liberty University Doctorate Student
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Appendix C: Sample of Flyer Advertising Researcher’s Study

**Students Needed**
WHO:
Education majors who have not completed any mathematics methods courses.
WHAT:
Serve as a volunteer participant by completing two interview activities and one
visual activity to help a doctoral student complete a dissertation study.
WHERE:
On campus
WHEN:
Contact the researcher between ______ and _______ to schedule your activity
session.
WHY:
The researcher is examining the mathematical perceptions of pre-service
elementary teachers and is interested in learning how and why those perceptions
have developed.
HOW:
If you are willing to participate or interested in learning
more about the study, please email, call, or text the researcher, Christine
McElhaney with your contact information:
Email: cmcelhaney3@liberty.edu
Call/Text: (xxx)xxx-xxx
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Appendix D: Sample Recruitment Letter to Potential Participants

Dear Participant:
As a graduate student in the School of Education at Liberty University, I am conducting
research as part of the requirements for a doctorate degree in Curriculum and Instruction. I am
conducting research to better understand the phenomenon of how the perceptions of pre-service
teachers are developed. The purpose of my research is to understand how pre-service elementary
school teachers in the Midwest United States describe their current perceptions about
mathematics. As the researcher, I am interested in examining how the previous mathematical
experiences of the participants affected their perception of mathematics. I am also interested in
how participants predict that their experiences in mathematics will affect their teaching
effectiveness when they have classes of their own. To gather research about pre-service teachers’
perceptions about mathematics, I am writing to invite you to participate in my study.
The participants for this study are students attending ------- University and should be at
least 18 years old. Participants should also be students who are planning on majoring in
elementary education and have not completed any mathematics methods courses. If you are
willing to participate, you will be asked to complete an individual interview with me, the
researcher, a focus group meeting with approximately three to four other participants, and a
visual representation activity. It should take approximately 30 minutes to one hour to complete
the individual interview and the visual representation activity. The focus group session will meet
at a separate time from the individual interview and visual representation activity. The focus
group session should take approximately 30 minutes to complete. Your participation will be
completely anonymous, and no personal identifying information will be required.
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To participate in this study, please contact me at the following email address:
cmcelhaney3@liberty.edu. Once I receive your email of interest, I will provide you with a
consent form to sign and return. The consent document contains additional information about my
research. You may sign the consent document and return it to me at the time of your interview or
focus group meeting.
Sincerely,
Christine McElhaney
Liberty University Doctorate Student and Principal Researcher

233


Appendix E: Sample Letter to Small Pilot Study Participants

To Whom It May Concern:
As a graduate student in the School of Education at Liberty University, I am conducting
research as part of the requirements for a doctorate degree in Curriculum and Instruction. I am
conducting research to better understand the phenomenon of how the perceptions of pre-service
teachers are developed. The purpose of my research is to understand how pre-service elementary
school teachers in the Midwest United States describe their current perceptions about
mathematics. As the researcher, I am interested in examining how the previous mathematical
experiences of the participants have affected the formation of their perception of mathematics.
Additionally, I am interested in how participants predict that their experiences in mathematics
will affect their teaching effectiveness when they have classes of their own.
To gather the most accurate research about pre-service teachers’ perceptions about
mathematics, I am writing to request that you participate in a small pilot study that I am
conducting before completing my actual study. I want to make sure all of my data collection
activities are well-developed and get your feedback if changes are needed to make my study
clearer. Because you are a college student, I greatly value your input as to any feedback you may
have regarding the questions and activity I have generated for my study and will use with preservice education college students. Reviewing and providing suggestions on each of my three
activities will ensure that the participants of my study clearly understand each activity and will
be able to respond as accurately as possible. The review and process of providing feedback for
each of the three activities should take less than one hour of your time to complete. Thank you so
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much for your consideration to help me create the best possible activities to use to gather data for
my study.
Sincerely,
Christine McElhaney
Liberty University Doctorate Student and Principal Researcher
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Appendix F: Sample Participant Scheduling Information

Participant Name
(Pseudonym)
Renae
Rachel
Mati
Emma
Alyssa
Annie
Audrey
Kayla
Therese
Piper

Date and Time of Individual
Interview and Visual
Representation Activity

Date and Time of Focus
Group Meeting

Sunday, August 23
2:00pm
Sunday, August 23
2:45pm
Sunday, August 23
3:30pm
Sunday, August 23
4:15pm
Wednesday, August 26
6:00pm
Wednesday, August 26
6:30pm
Wednesday, August 26
7:00pm
Wednesday, August 26
7:30pm
Wednesday, August 26
8:00pm
Wednesday, August 26
8:30pm

Sunday, August 23
5:00pm
Sunday, August 23
5:00pm
Sunday, August 23
5:00pm
Sunday, August 23
5:00pm
Wednesday, August 26
9:00pm
Wednesday, August 26
9:00pm
Wednesday, August 26
9:00pm
Wednesday, August 26
9:00pm
Wednesday, August 26
9:00pm
Wednesday, August 26
9:00pm
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Appendix G: Open-Ended Individual Interview Questions
Perceptions about mathematics of Pre-service Elementary Teachers
1. Please describe why you decided to become an elementary school teacher and have
certification to teach mathematics.
2. How would you describe your perceptions or feelings about mathematics right now?
3. How, if at all, have your feelings about mathematics changed throughout the time from
when you first started school until now?
4. If your feelings have changed, why do you think your feelings about mathematics have
changed?
5. Describe how mathematics was generally taught to you; please reflect on your
elementary, middle, and high school experiences.
6. What characteristics do you most appreciate about a mathematics classroom?
7. What characteristics do you least appreciate about a mathematics classroom?
8. If you could go back and make some changes in your own mathematical experiences,
what would you change and why would you make those changes?
9. Describe one positive memory regarding mathematics that you will never forget?
10. How do you see your future perceptions of mathematics changing over the years?
11. How do see your own perception of mathematics being reflected in your own classroom?
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Appendix H: Open-Ended Focus Group Questions
Perceptions of Pre-service Elementary Teachers
1. What are some specific experiences or teaching strategies you may recall that influenced
your current perceptions about mathematics?
2. How do you feel your perception of mathematics will possibly change during your
mathematics methods courses?
3. What specific experiences will be necessary for your mathematics methods courses to
influence your current perceptions about mathematics?
4. Describe how you may see your personal perceptions about mathematics influencing how
you teach mathematics in classrooms of your own in the future?
5. What mathematical experiences from your past would you predict that you may or may
not carry into classrooms of your own?
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Appendix I: Script Used for Visual Representation Activity
Visual Representation Activity
The researcher is interested in learning about how you pictorially perceive mathematics. The
activity will work by using three different pieces of paper. On the first sheet of paper, please
draw a picture(s) that demonstrates your feelings toward mathematics when you first started
school. This illustration should represent your first initial perceptions of mathematics. Next, on
the second sheet of paper, please draw a picture(s) that demonstrates your current feelings
toward mathematics as a college student. Finally, on the last piece of paper, please draw a picture
that demonstrates how you feel your perception toward mathematics will be in the future as
teachers in your own classrooms. Upon completing the illustrations, please include a brief
caption with each picture explaining why you chose each particular picture to represent your
feelings toward mathematics.
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Appendix J: Template for the Visual Representation Activity
Visual Representation Activity
Illustration One
Participant Name (Pseudonym): ___________________________________
Please complete an illustration and explanation below of how you perceived mathematics when
you first started school:
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Appendix J: Template for the Visual Representation Activity (Continued)
Visual Representation Activity
Illustration Two
Participant Name (Pseudonym): ___________________________________
Please complete an illustration and explanation below of how you currently perceive
mathematics as a college student:
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Appendix J: Template for the Visual Representation Activity (Continued)
Visual Representation Activity
Illustration Three
Participant Name (Pseudonym): ___________________________________
Please complete an illustration and explanation below of how you feel that you will perceive
mathematics as teacher in a classroom of your own:
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Appendix K: Sample Letter to Experts in the Field to Review Three Data Collection
Activities
To Whom It May Concern:
As a graduate student in the School of Education at Liberty University, I am conducting
research as part of the requirements for a doctorate degree in Curriculum and Instruction. I am
conducting research to better understand the phenomenon of how the perceptions of pre-service
teachers are developed. The purpose of my research is to understand how pre-service elementary
school teachers in the Midwest United States describe their current perceptions about
mathematics. As the researcher, I am interested in examining how the previous mathematical
experiences of the participants have affected the formation of their perception of mathematics. I
am also interested in how participants predict that their experiences in mathematics will affect
their teaching effectiveness when they have classes of their own.
To gather the most accurate research about pre-service teachers’ perceptions about
mathematics, I am writing to request that you review the three data collection methods of my
study. You are an expert in the field of mathematics and pre-service teacher education, and I
greatly value your input as to any feedback you may have regarding the questions and activity I
have generated for my study. I wish to request your feedback concerning the clarity of my
interview and focus group questions and the readability of the visual representation activity that
will be given to gather data for my study. Reviewing and providing suggestions to each of my
three activities will ensure that the participants of my study clearly understand each activity and
will be able to respond as accurately as possible. The review and process of providing feedback
for each of the three activities should take less than one hour of your time to complete. Thank-
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you so much for your consideration to help me create the best possible activities to use to gather
data for my study.
Sincerely,
Christine McElhaney
Liberty University Doctorate Student and Principal Researcher
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Appendix L: Sample Letter to Director of Facilities

Dear Director of University Facilities:
As a graduate student in the School of Education at Liberty University, I am conducting
research as part of the requirements for a doctorate degree in Curriculum and Instruction. I am
conducting research to better understand the phenomenon of how the perceptions of pre-service
teachers are developed. The purpose of my research is to understand how pre-service elementary
school teachers in the Midwest United States describe their current perceptions about
mathematics. As the researcher, I am interested in examining how the previous mathematical
experiences of the participants have affected the formation of their perception of mathematics. I
am also interested in how participants predict that their experiences in mathematics will affect
their teaching effectiveness when they have classes of their own.
To gather the most accurate research about pre-service teachers’ perceptions about
mathematics, I want to provide the most comfortable and private environment for the participants
of my study. In doing so, I would like to conduct my study on the campus of your university. I
am writing to request that I may use one of the conference rooms on campus as a place where the
participants of my study may meet and complete individual interviews, focus group interviews,
and a visual representation activity. The interview sessions will be audio-recorded, and the visual
representation activity will be both video and audio-recorded. Thank you so much for your
consideration to help me create the best possible environment for the participants of my study.
Sincerely,
Christine McElhaney
Liberty University Doctorate Student and Principal Researcher
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Appendix M: Consent Form
Participant Consent Form
The Mathematical Perceptions of Pre-service Elementary School Teachers:
A Phenomenological Study
Christine McElhaney
Liberty University
School of Education
Dear Participant,
You are invited to participate in a research study that is seeking to examine the
perceptions students have in regard to mathematics and possible reasons why such perceptions
occur. The following information is provided so that you may decide whether you wish to
participate in the present study. Please be aware that you may choose not to participate or
withdraw from the study at any time.
Background Information:
The purpose of this study is to examine perceptions students develop in regard to
mathematics and experiences that cause such perceptions to develop. Data will be collected
through interviews, focus groups, and visual representations from each of the 10 participants
during the study. The participants of the study will be pre-service teacher candidates, attending a
university in the Midwest United States, who have yet to take any mathematics methods courses.
What You Will Do in the Study
Participants of the study will complete a series of three activities. Every participant will
have an individual interview and visual representation activity session with the researcher.
Participants will then come together with other participants of the study and complete a focus
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group meeting to conclude the data gathered from the study. The individual interviews and focus
group meetings will be audio-recorded, and the visual representation activity will be both audio
and video-recorded. The reason the researcher will use audio and video recordings during the
sessions with the participants is so the researcher will be able to most accurately interpret and
review the data.
Confidentiality:
The researcher will protect the identity of all participants involved with the study. Names
will not be associated with the data collected nor published in the study. Upon the completion of
the study, the researcher will share findings with each participant. Results of the study will be
given upon request to every participant. Also, all data will be stored in a locked file and on a
password-protected computer. Audio and video recordings will be stored in a locked file and will
remain confidential until destroyed after a minimum of three years as required by federal
regulations.
Risks and Benefits of the Study
There shall be no harm or risks associated with this study greater than what the
participant would experience through regular daily life. The participation in this study will be
contributing research toward a qualitative study. Each of the participants’ thoughts will be
communicated in the final research report, but no names will be represented with the data. The
participants will be given an opportunity to review the transcriptions of their interviews, focus
groups, and visual representations before the publication of the study. Also, participants will be
audio-recorded during the individual interviews and focus group sessions, and both audio and
video-recorded during the visual representation activity. Both the audio and video recordings
will be kept confidential, and participants’ identity will be protected.
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Participants of the study will not receive any benefits from completing the study. The
only potential benefits participants could receive is the intrinsic feeling of satisfaction that they
contributed to helping the researcher gather data for her study. The participants will potentially
contribute to helping pre-service leaders of teacher education programs design their courses to
enable pre-service teachers to become more prepared and confident in their perceptions about
mathematics.
How to Withdraw From the Study
Participants will have the opportunity to withdraw from the study at any time if they
choose to do so. The participant may communicate with researcher verbally in person, on the
phone, or by email during any portion of the study, should the participant choose not to
participate any longer. Upon receiving notification that the participant elects to terminate
participation in the study, the researcher will immediately release the participant from further
obligation to the study. The researcher will still protect the identity of each participant, should he
or she choose to be removed from the study. All data collected from any audio and video
segments and/or notes taken will be securely deleted and destroyed.
Compensation:
The participant will receive no compensation for participating in this study.
Contacts and Questions:
Please feel free to ask questions at any time throughout the course of the study. The
researcher may be contacted at xxx-xxx-xxxx. The researcher’s advisor may be contacted
through email at bjholubz@liberty.edu or xxx-xxx-xxxx.
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Also, if you have any questions regarding this study and would like to visit with someone other
than the researcher or the researcher’s advisor, please feel free to contact the Institutional Review
Board, 1971 University Blvd, Suite 1837, Lynchburg, VA 24515 or email irb@liberty.edu.
Please sign your consent to participate in this study with full knowledge of the nature and
purpose of the procedures that this study entails.
Please let the researcher know if you would like a copy of this consent form for your own
records.
Statement of Consent:
I have read and understood the above information. I understand that the interviews, focus
groups, and visual representation will be audio-recorded with the visual representation video
recorded as well. I consent to participate in the study.
Signature: _________________________________

Date: ________________________

Signature of Researcher: _____________________

Date: ________________________

IRB Code Number: __________________
IRB Expiration Data: ________________
(Creswell, 2013, p. 152-153).
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Appendix N: Sample Email of Gratitude for Participation in the Study and Review of
Transcription Data
Dear Participant,
I would like to sincerely thank you for taking time to participate in my research project,
‘The Mathematical Perceptions of Pre-service Elementary School Teachers: A
Phenomenological Study.’ Without your participation, this study would not have been possible.
Before beginning the study, I informed you that I would transcribe your responses to help
me most accurately sort the data. As the researcher of this study, I want to make sure I have
clearly transcribed the individual interview session, focus group meeting, and the visual
representation activity you completed as part of my study. Attached to this email is a copy of the
transcription from your individual interview, focus group meeting, and visual representation
activity. Please take some time to review the transcriptions and see if there are any modifications
or changes you would like to make. If you would like to schedule an additional time to complete
another interview or visual representation activity so that I can better communicate your
perceptions of mathematics, please let me know. If you approve of the transcriptions of the
interviews and visual representation activity, please let me know you are satisfied with the
transcriptions as they are.
Once again, thank you so much for completing my study. If you have any other questions
or concerns about this research project, please feel free to call me at (417)588-0744 or email me
at cmcelhaney3@liberty.edu. It has been a pleasure and honor to learn from your mathematical
perceptions.
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Sincerely,
Christine McElhaney
Liberty University Graduate Student, Principal Researcher

